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NATIONAL TREE SEED CENTRE, 1979-80

B.S.P. Wang, D.A. Winston, B.D. Haddon and J.A. Pitel
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Canadian Fornestrhy Service
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In the last two years the National Tree Seed Centre has continu-
ously expanded its program from five to seven studies with increased
funding. The newly initiated research studies were on artificial ripening
of tree seed, and predicting and evaluating cone crops and losses due to
insects.,

From April 1, 1981 Jack Pitel and his technical assistant, Garry
Scheer, will be transferred from the current study on biochemical techniques
and indices for seed quality control to biochemical systematics, such as
isoenzyme studies of forest trees, within the Tree Genetics and Tree Breed-
ing Project. However, Jack will still work in close cooperation with the
staff of the Seed Centre. The Centre successfully organized and hosted the
1980 IUFRO International Symposium on Forest Tree Seed Storage with pre-
and post-symposium field trips to mnorthern and southern Ontario hosted by
the Ontario Ministry of MNatural Resources (OMNR).

In this paper we report the progress made in our studies on forest
Germplasm Bank and associated services; testing, treatment and storage of
tree seed; seed crop production and stimulation; and the two new studies.
The progress on the study of control of insect and fungal pests in seed
production and distribution and storage is reported separately by Dr. Willard
Fogal.

SERVICE
Seed Procurement, Distribution and Processing

In addition to serving as a repository for forest seed and other
reproductive material, the Germplasm Bank serves as a clearing house for
procurement and distribution. Numerous seedlots have been received from
several sources in the U.S.S.R. and the People's Republic of China and
distributed to requesting agencies across Canada. A sample of sugar maple
(Acer saccharum Marsh.) seeds was recently received from the U.S. Forest
Service which should be of particular interest to maple syrup researchers
as it was collected from clones selected for superior sap sugar production.
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The Germplasm Bank will serve as the North American centre for the Inter-—
national Energy Agency's project, '"The Collection and Distribution of Seeds
of Alnus Species which are of Importance for Biomass Production in Energy
Plantations".

The Centre cooperated with the Ontario Ministry of Natural Resources
in an evaluation of black spruce (Picea mariana [Mill.] B.S.P.) seed yields
and quality obtained from mechanical cone collection trials.

For the past 10 years Kimberly-Clark of Canada Limited has sent for
custom processing cones from its black spruce and white spruce (P. glauca
[Moench] Voss) seed orchards at Longlac, Ontario.

Processing and storage services were extended to the Eastern Region of the
Ontario Ministry of Natural Resources for its larch program.

A chapter on white spruce (Skeates et al. 1981) and one on red
spruce (P. rubens Sarg.) and Norway spruce (P. abies [L.] Karst.) have been
submitted for the Ontario seed collection manual currently in preparation.
A report on seed procurement and processing across Canada is in preparation

as part of the Canadian Forestry Service Forest Resource Data Program.

Seed Testing and Seed Crop Evaluation

Over 2,000 separate tests of 400 seed samples were made for purity
analysis, germination, moisture content determination, 1,000-seed-weight
determination and x-ray analysis, although the number of commercial tests has
greatly declined since the Pacific Forest Research Centre has become an
accredited official tree seed testing station with the International Seed
Testing Association. Miss Francine Sheridan was newly appointed as an
official seed analyst for the Canada Seeds Act.

Wang worked closely with Canadian Forestry Service (CFS) Head-
quarters and other CFS establishments to assist Agriculture Canada in draft-
ing an amendment to the current Canada Seeds Act to bring about the transfer
of all forest tree seed control from Agriculture to CFS and to develop the
first draft of new forest tree seed regulations for review.

Because of the variations among replicated samples experienced in
both service and research testing of tree seed, a close examination of causes
indicated that moisture in the germination medium and the type of germination
trays used appeared to be the two principal sources of the variation. In
order to overcome this problem, a standard germination box was developed and
a contract signed with Spencer-Lemaire Industries of Edmonton for manufactur-
ing proto-types for testing. It is hoped that commercial production of the
boxes will be followed after the testing.

The seed laboratory successfully participated in three International
referee testing projects: (1) to evaluate prechilling treatment for Abies
concolor (Gord & Glend.) Lindl. and A. procera Rehd. seeds, (2) to determine
empty seed of P. Abies, and PinuS\syTVestris L. after germination test by
x-rays and cutting method and (3) to compare rapid viability tests with
standard germination tests for A. alba Mill., A. pseudoplatanus L. and Fagus

sylvatica L. seeds.




In an evaluation of white spruce seed quality for the Alberta
Forest Service, it was found that the low germination was possibly due to
the change of seed moisture content and mishandling of cones after collection.

Seed crop assessment services were provided to the Ontario Ministry
of Natural Resources and the Nova Scotia Department of Lands and Forests. It
was found that the x-ray technique is very useful for evaluating yellow birch
(Betula alleghaniensis Britton) seed crops and determining collectability.
Seeds extracted from cones collected from black spruce trees after one month
from logging (early August) showed 74-80% germination without chilling but
45% germination with chilling. The results will be further confirmed by
duplicated trials in 1981.

RESEARCH
Seed Extraction and Cleaning

A small study of moisture content of jack pine (Pinus banksiana
Lamb.) seeds during extraction and cleaning was carried out in response to a
question which had arisen concerning the tolerance of seeds to low moisture
content. Seed moisture content immediately after extraction was very low;
just over 2% (fresh weight basis). A study of the effect of initial cone
moisture content on cone opening and seed yields of tamarack (Larix laricina
[Du Roi] K. Koch) was initiated.

Seeds of alder (Alnus) are difficult to clean. An effective method
to up-grade alder seed quality was found to be by liquid separation. A
report is being prepared.

Seed Dormancy

Further studies on dormancy problems of whitebark pine (P. albi-
caulis Engelm.), lodgepole pine (P. contorta Dougl.), red maple (A. rubrum
L.), ironwood (Ostrya virginiana [Mill.] K. Koch) and basswood (Tilia
americana L.) were completed. Results of these studies have been either
published or are in the process of being published. Treatments involved in
these studies included acid scarification, chipping, prechilling, exogenous

application of hormones and a combination of the treatments.

Studies were carried out to determine some of the fundamental
causes of dormancy such as the examination of growth inhibitors, amino acids,
isoenzymes and chromosomal proteins during prechilling. As part of an inter-
national cooperative research project, a review of literature dealing with
deeply dormant tree and shrub seeds is in the final stages of completion.

Seed Germination

An experiment to improve the current germinability testing method
of white ash (Fraxinus americana L.) and red ash (F. pennsylvanica Marsh.)
seeds was completed and a report is being prepared. Cooperative research
with the Alberta Forest Service on lodgepole pine seed germination and
effects of seed weight on germination and early seedling development was
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completed and a technical report was published by the Alberta Forest Service.
The report recommends the prechilling requirements for maximum lodgepole pine
seed germination, and the importance of seed weight on seed germination vigor
and early seedling development.

Preliminary research on Alnus germination requirements indicated
that the primary cause of low germinability was due to incomplete seed
cleaning, sensitivity of the seed to moisture of the medium and photoperiod
in germination. Further research on the ecology of Alnus seed germination
is in progress. o

Experiments have been initiated to test a hypothesis of the endo-
genous control of germination rhythm in white spruce and jack and lodgepole
pine seeds. Data from the first year experiment are being analyzed for
reporting.

In a cooperative research on seed production with Dr. Morgenstern
(UNB) and Mr. McPherson (Kimberly~-Clark), evaluation of seed quality of white
and black spruce from Kimberly-Clark seed orchards has been made since 1970,
and a paper has been jointly prepared for publication.

New studies on the ecology of germination of native tree species
will be initiated in 1981.

Seed Storage

Seeds from a long-term storage study to test the effectiveness of
the two storage conditions at Petawawa National Forestry Institute were
evaluated after 11-13 years and a paper entitled '"Long-term storage of Abies,
Betula, Larix, Picea, Pinus and Populus seeds' was presented at the 1980
IUFRO International Symposium on Forest Tree Seed Storage held at the
Institute. Another paper entitled "Accelerated aging studies of seeds of
jack pine (Pinus banksiana Lamb.) and red oak (Quercus rubra L.)" was also
presented at the same symposium. Flndlngq from the former experiment showed
that sub-freezing temperature (-18 C) is positively superior to above freez-
ing temperature (2 C) for long-term storage of A. balsamea (L.) Mlll P.
glauca, P. strobus L., Populus deltoides var. occidentalis Rhdb., grandl—
dentata Michx. and B. alleghaniensis seeds. Results from the latter study
suggest that the loss of germination and vigor of seeds was associated with
membrane damage, degradation of reserve proteins, increases in the levels of
soluble amino acids, and with minor structural changes of the chromosomal
proteins, ribosomal proteins and isocenzymes. A preliminary report describing
the amino acid composition of various coniferous and hardwood seeds has been
prepared.

New seed storage experiments are being established to examine the
effects of prolonged storage on chromosomal changes and the beneficial
effects of freeze-drying on seed storage life. A new study will be estab-
lished to test the suitability of liquid nitrogen as a long~term, ex situ
storage condition for forest gene~-pool conservation measures.



153

Seed Crop Management: Forecasting, production and early collection

As a result of a very intensive review of the literature and a
survey of most client agencies, a series of research priorities were estab-
lished for future action in seed crop management. Winston will devote a
majority of his time to study factors affecting the production and stimula-
tion of seed crops. Several experiments have been established during 1979-81
examining the effects of spacing and fertilizers on cone production.
Applications of the fertilizer, ammonium nitrate (34%N), at the time of
vegetative bud flushing to stimulate cone production are being tested at
Angus, Ontario in a white spruce seed orchard and at Mackey, Ontario in a
red pine seed production area. Six major experiments have been established,
in cooperation with W. Fogal (PNFI) and OMNR in both white spruce and black
spruce plantations. These trials are designed to test the effects of
ammonium nitrate fertilizer, alone and in conjunction with the chemical in-
secticide carbofuran for control of cone and seed insects, as a means of
increasing cone production. Preliminary results are encouraging and further
results are being analysed. The effects of frost on the regulation of
flowering, while often mentioned, have not been well documented in the
literature. Current observations indicate severe frost damage to potential
white spruce crops occurred throughout north-eastern Ontario and to red pine
(P. resinosa Ait.) in central Ontario in 1980. Similarly, tamarack crops in
central Ontario have been damaged in 1981. 1In cooperation with the OMNR,

a detailed assessment of frost damage to flowers in a red pine plantation is
underway at Mackey, Ontario.

Problems related to cone collection are being addressed by Haddon
and Winston. Experiments have been ongoing since 1978 to determine optimum
cone collection periods for different species and to determine if the cone
collection periods can be extended through the use of artificial ripening
techniques. Results to date indicate that both white spruce and red pine
cones can be collected early and ripened artificially to produce healthy,
germinable seed (Winston and Haddon 1981). White spruce collected as early
as August 1 could be ripened when stored for 12 weeks in a room at 5°C with
75%-95% relative humidity. Conversely, red pine was successfully ripened
in the PNFI cone air-drying shack when stored for at least 4 weeks after
collection as early as August 23. Cold-air (SOC) storage of white spruce
cones was found to eliminate the need for prechilling of white spruce seed
to permit germination. This suggests that prechilling requirements of seed
may be affected by cone handling and storage conditions. The retention of
germinability of artificially ripened seed was tested following two years
of seed storage (Haddon and Winston 1981). 1In most seedlots, both germina-
bility and fglfillment of prechilling requirements as a result of cone
storage at 5 C were found to be retained. Further studies are continuing
with other species (tamarack, white pine) and new directions are being
initiated to more fully document embryo development in seed of native Canadian
tree species and the role/relationships of embryo growth to seed maturation.

The forecasting and recognition of potential seed crops is being
examined in detail by Winston and Fogal. To date, a series of experiments
have been initiated which include sampling buds of white spruce and black
spruce in winter conditions and attempts are being made to relate these to
potential cone crop. This utilizes the methodology reported by Eis (1967,
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1973) and Eis and Inkster (1973) with adaptation to eastern Canada. However,
our studies are examining losses to cone and seed insects and should provide
more reliability on final crop estimates. In cooperation with the OMNR, a
cone collection manual for Ontario is being prepared. A chapter on forecast-
ing methods has been written and techniques for recognizing buds and flowers
of spruces have been documented.
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INTRODUCTION

Research on insects and diseases at Petawawa National Forestry
Institute (PNFI) focuses on problems that are a threat to forest regeneration
in boreal and eastern Canada. One study is concerned with the use of
genetics and breeding in forest pest management and has as its objectives
identification of pest—tolerant trees and development of guidelines to pre-
vent planting of susceptible types in forest regeneration. A second deals
with management and control of insect and disease problems in production,
collection, storage, and germination of seed. Background rationale for
these two studies was outlined in a previous report (Fogal 1980a).

Serious shortages of black spruce, (Picea mariana [Mill] B.S.P.)
and white spruce, (Picea glauca [Moench] Voss), seed have prompted us to
concentrate our research effort over the past two years on control of losses
to insects in these two species. This report outlines our activities and
progress for the period 1979-80. It also includes a brief outline of insect
pests and fungal diseases which have been investigated as part of tree-
improvement studies at Petawawa.

SEED AND CONE INSECTS: WHITE AND BLACK SPRUCE

Spruce budworm, Choristoneura fumiferana Clem., coneworm, Dioryctria
reniculleloides Mutuura and Munroe, seed moth, Laspeyresia youngana (Kearfott),
cone maggot, Lasiomma anthracina (Czerny), and other insects are responsible
for shortfalls of white and black spruce seed and are a threat to tree
improvement in these species in boreal and eastern Canada. We are seeking
solutions by developing an integrated pest management approach that includes
evaluation of seed losses, pest monitoring, crop forecasting, control with
chemicals and biocides.
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Evaluation of Losses, Insect Monitoring and Crop Forecasting

Cone crops, seed yields, and insect damage are being determined to
evaluate losses to insects in a variety of tree habitats ranging from un-
managed seed collection areas to intensively managed clonal seed orchards in
cooperation with the Ontario Ministry of Natural Resources, Dryden and
Kapuskasing districts and Kimberly-Clark of Canada Limited, Longlac, Ontario.
Results are beginning to provide valuable information about which insects
cause most serious losses, when and where to collect cones in natural stands,
and effects of various types and levels of crop management on seed yields and
losses to insects (Fogal 1979).

The use of insect sex pheromones to monitor populations of seed
moth is being investigated in cooperation with Dr. G.G. Grant, Forest Pest
Management Institute, Sault Ste. Marie, Ontario. Field tests were begun in
1980 at PNFI to find an effective and reliable lure for the seed moth and to
monitor its population levels and flight season. Twelve lure mixtures, using
(E)-7 dodecenal as the principle ingredient, were tested. Choice of effective
lures is confounded by differences in infestation levels and by trapping of
closely related moths. However, a good picture of the flight season in
relation to weather factors and phenology of flowering is emerging (Grant
1980).

A study on crop forecasting and prediction of losses to insects
was initiated in 1980 in cooperation with Mr. D.A. Winston to determine
possible relationships between crop sizes and insect losses and to develop
means for predicting size of white and black spruce cone crops for at least
one year in advance of collecting.

Chemical Control

Foliar treatments of a range of concentrations (0.5 to 1.5 percent
active ingredient) of dimethoate, lannate, and orthene applied to cone-
bearing portions of white spruce trees were carried out in 1978 and 1979 for
protection from budworm, coneworm, seed moth, cone maggot, and other insects.
The degree of protection appears to be related to tree size.

Stem applications of dimethoate and oxydemeton-methyl in 1980
provided some protection of seed crops from seed moth, coneworm, and cone
maggot (Fogal 1980b). Experiments have been started with Mr. V.C. Plowman,
Farm and Forest Research Limited, Oakville, Ontario and Dr. E.S. Kondo,
Great Lakes Forest Research Centre, Sault Ste. Marie, Ontario to test
systemic insecticide injections for control of seed and cone insects in
white spruce. This method of insecticide application will reduce environ-
mental hazards to a minimum.

In 1979 and 1980, experiments were begun with D.A. Winston to assess
soil applications of carbofuran insecticide and ammonium nitrate as management
tools in white and black spruce plantations at the Bonnor Tree Improvement
Centre, Ontario Ministry of Natural Resources, Kapuskasing, Ontario. Results
to date are very encouraging with respect to budworm control and cone crop
stimulation (Fogal 1980b; Fogal et al in press).
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Biological Control

Studies were initiated in 1979 and continued in 1980 in cooperation
with Dr. M.I. Timonin, Carleton University to determine whether entomopatho-
genic fungi can be used for control of seed and cone insect pests in white
spruce. Several insects that attack cones of white spruce are highly sus-—
ceptible to infection by Beauveria bassiana (Bals.) Veuill. and Metarrhizium
anisopliae (Metch.) Sor. (Timonin et al., 1980). Methods for delivering
spores to target insects must be devised.

INSECTS AND DISEASES IN TREE IMPROVEMENT STUDIES

Consideration of variations in susceptibility of native and exotic
trees to native and introduced pests has been an integral part of the Petawawa
tree improvement program since its inception in 1924, Mortality and damage
caused by insects or disease have been carefully recorded for many years in
provenance trials, plus-tree selections, and progeny testing. The following
fungal diseases and insect pests have been studied: scleroderris canker,
Gremmeniella abietina (Lagerb) Morelet; shoestring root rot, Armilleriella
mellea (Vahl ex Fr.) Karst.; sweetfern blister rust, Cronartium comptoniae
Arth.; pine gall rust, Endocronartium harknessii (J.P. Moore) V. Hiratsuka;
larch sawfly, Pristiphora erichsonii Htg; introduced pine sawfly, Diprion
similis Htg; white pine weevil, Pissodes strobi Peck. A review of literature
on variation in susceptibility of native and introduced coniferous trees to
some insects of eastern Canada has been accepted for publication (Fogal et
al., in press).

Phytochemicals that influence insect host preference and protect
plants from disease organisms are believed to play an important role along
with other factors in acceptability of trees as hosts for insect and disease
organisms, Identification of such chemicals in host or non-host plants can
lead to their eventual manufacture and use for application in pest control
and simple measurements in host tissue may help breeders select tolerant
trees. Possible applications to the spruce budworm have been outlined else~-
where (Strunz and Fogal, in press; Fogal and Strunz, in press).
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Forest genetics remains as one focal point of teaching and
research at the School of Forestry. During the past two years Dr. Gordon
Murray and Dr. John Barker have each moved on to new positions, but they
have been replaced by Dr. Rob Farmer (formerly of Tennessee Valley
Authority) and Dr. Peggy Knowles (formerly at University of Colorado,
Boulder). Dr. Farmer will be investigating the genecology of poplars and
other species in the boreal forest, and Dr. Knowles has begun an invest-
igation of isozyme variation within reforested stands of Pinus banksiana
Lamb. My own activities have focused on morphological and flavonoid
variation in natural stands of Abies and Picea.

DEGREE OF SELFING IN A BLACK SPRUCE SEED ORCHARD

Mr. Conor O'Reilly recently completed his M.Sc. Degree invest-
igating vegetative and sexual phenology of Picea mariana (Mill.) B.S.P.
To estimate the amount of self-pollination in a clonal seed orchard of
Picea mariana, periods of pollen release and female receptivity were
determined for 4 ramets each of 14 clones located in the Matawin Seed
Orchard, Thunder Bay District, Ontario. Stages of pollen release and
female receptivity were determined by a qualitative index, and total
numbers of male and female strobili were counted. Although the overall
duration of pollen release and female receptivity was short, consisting
of about 15 days, significant differences in timing were present between
clones. However, peak pollen release and maximum female receptivity
coincided for most clones, thus increasing the probability of self-
pollination. Numbers of both male and female strobili were significantly
different between clones, with a few of the clones producing the largest
numbers of strobili; this effect was most pronounced for male strobili.
As well, clones producing large numbers of male strobili did not neces-
sarily produce large numbers of female strobili. The genetic composition
of the seed crop was estimated from 1) the daily stages of pollen relcdse
and female receptivity and 2) the number of male and female strobili
per clone. A small fraction of the 14 clones made the largest contribu-
tion to the genetic composition of the progeny. This result depended most
heavily on numbers of male strobili produced by each clone, while the
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timing of pollen release and female receptivity had little effect. The
average percentage of self-pollination was estimated at 9 per cent, but
individual cliones varied from 1 to 25 per cent.

UPLAND AND LOWLAND VARTATION TN BLACK SPRUCE

Dr. Knowles, several graduate students, and myself have been
investigating variation in upland and lowland stands of black spruce.
Picea mariana is widely distributed, genetically variable forest species
that occuppies ecologically diverse sites in northwestern Ontario. In
this area black spruce trees growing on bog sites are stunted and appear
strikingly different from nearby forest trees. To determine whether site
differences have led to ecotypic differentiation, 10 cone-bearing trees
were sampled from each of the following three semi-adjacent stands near
the Matawin River, Thunder Bay District, Ontario: 1) an upland forest
on well-drained alluvial soil, 2) an abandoned pasture on heavy soil,
and 3) a very wet sphagnum bog. Nine cone characters and 8 needle and
twig characters were scored for each tree, and these data were analyzed
by Principal Components Analysis (PCA) and Canonical Variates Analysis.
PCA demonstrated that two major, independent trends of variation existed
in the data, one attributable mainiy to cone characters and the other
attributable mainly to needle characters. Bog trees were slightly
differentiated from tree from the drier sites based on cone data, but
the differences were not significant. Also, bog trees were more variable
than the others with respect to cone characters, but not needle or twig
characters. The trees also were compared on the basis of foliar flavon-
oids. A fraction of the bog trees possessed a flavonoid glycosylation
class not present in the other trees indicating greater chemical diversity
in the bog trees that paralleled the greater variation in cone characters.
Bog and forest trees were further compared using isoenzymes, no
differences between sites were detected. Results of morpholegical and
chemical analyses indicate that bog trees are more variable for certain
functionally-related groups of traits including cone and flavonoid
characters, but not for needle, twig, and isozyme characters. However,
discrete ecotypes correspoending to upland and lowland sites could not be
distinguished in the sampled trees. ‘

GENECOLOGY OF NORTH AMERICAN ABIES SPECIES

Together with Dr. Jack Maze at the University of British
Columbia, and several students, 1 have been investigating relationships
between certain species-pairs of Abies and the nature of variation
within the balsam firs and noble firs. Abies balsamea and A. lasiocarpa
are closely related North American balsam firs that are generally thought
to hybridize and intergrade where their ranges overlap in west-central
Alberta. To test this hypothesis, a series of collections was made
from 10 populations along an east-west transect between western
Saskatchewan and central British Columbia. Each tree was scored for
various vegetative and cone characters. The resulting data were
analyzed by Principal Components Analysis and Canonical Variates Analysis.
Analyses based on vegetative data produced somewhat different results




163

from analyses based on cone data indicating that vegetative and sexual
features of the trees respond to different selection pressures at the
ecologically diverse sample sites. The combined results of analyses of
vegetative and sexual data indicate that the 10 populations do not
represent elements of two morphologically distinct taxa. Instead, the
results apparently reflect population differentation within a single,
regionally variable complex in response to local selection pressures
following east-west gene flow. It is recommended that the separate
species designations, A. balsamea and A. lasiocarpa, be retained since
1) present day elements of the complex are evidently derived from
separate refugia isolated by the Rocky Mountains during past glacial
periods, and 2) gradual morphological differences exist between popula-
tions on each side of the Rocky Mountain crest.

Student Projects in Progress

1. TImplications of needle flavonoid variation on the relationship of
Abies procera to A. magnifica.

2. Comparison of phenotypic plasticity in upland and lowland clones of
Thuja occidentalis under adaptive and non-adaptive conditions.

3. Alternate methods of Picea mariana plus-tree selection emphasizing
competitive performance.

Undergraduate (4th year) B.Sc.F. Theses

Gray, A.H. 1981. Quality and maturity of white spruce (Picea glauca
(Moench) Voss ) seed collected from a seed production area in
northwestern Ontario.

Millard, M.A. 1981. The effect of topping on seed production in white
spruce.

O'Reilly, G.J. 1981. Correlation of major environmental effects with
morphological variation in Abies balsamea (L.) Mill. accross
northwestern Ontario.

Simmonds, F.M. 1981. Effect of ortet age and crown position on rooting
ability of Picea glauca.

Van Dyke, A. 1981. Rooting ability of nine willow (Salix) species
common to the Thunder Bay area.

Graduate M.Sc. Thesis

O'Reilly, C. 1981. Vegetative and sexual phenology, reproductive
dynamics and bud differentiation in a clonal seed orchard of white
and black spruce.
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A REGIONAL RARE WOODY-PLANT PROGRAM FOR SOUTHERN ONTARIO

John D. Ambrose

Univernsity of Guelph Arboretum
Guelph, Ontario
NI1G 2W1

Key Words: forest gene resources, Deciduous Forest Regiom.

The Deciduous Forest Region occurs in extreme southern Ontario
along a narrow band above the southern Great Lakes. In the biologically
diverse forests of this region, many species of eastern North America
reach their northern limits of distribution. While these Carolinian
species are considered rare due to their restricted distribution in Ontario
(Argus and White, 1977), many are also threatened due to loss of habitat
associated with the high level of human activity here. Beyond the recog-
nized need to conserve critical habitats, this program's objectives are to
survey, collect seeds of, and gene bank the rare woody plants of Ontario.
While this program is co-ordinated through the Arboretum, considerable
support is received from a province-wide network of Arboretum Associates,

THE ONTARIO RARE WOODY PLANT PROGRAM

The program is now assessing the current status of 52 species of
rare woody plants. While most of these have typical Carolinian distribu-
tions (e.g., Liriodendron tulipifera L., Quercus muehlenbergii Engelm.), a
few have limited western (e.g., Oplopanax horridus (Sm.) Miq.) or eastern
(e.g., Pinus rigida Mill.) distributions. Most of the Ontario populations
of these species represent the northern limits of their distributions.
These may represent genetic variants not present farther south or else-
where through the species range due to their disjunct distribution or iso-
lation by the Great Lakes. Thus, they represent a regional resource worthy
of recognition and conservation, both to maintain the genetic diversity of
the species as well as provenances likely best suited for economic utiliza-
tion in Canada.

The documentation of the current natural occurrence of these
species has allowed a better assessment of their status in Ontario. Dup-
licate herbarium specimens are being sent to the National Museum of Natural
Science where they will be useful in the Rare Plant Atlas Project. As
species are identified as potentially threatened or endangered in Ontario,
attention can be drawn to the need for more detailed studies.

The collection of seeds of these rare species offers an unusual
focus to our international seed exchange program. By extending the effec-
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tive reservoir of documented collections of Ontario populations to botani-
cal institutions around the world, we might at some time in the future be
able to draw on this expanded distribution for various types of evaluation
data, or even propagation material.

Many of the seed collections are also being grown in our nursery
facilities for inclusion in the Gene Bank Collection. Here we would like
to ideally include as much genetic variation as is identified in Ontario
populations, providing a suitable resource for a future selection and
breeding program.

Habitat conservation is an essential concern of forestry gene
resources. This program is meant to complement-—-not supplant-~that equally
important concern. Even under good forestry management practices, most of
these species are threatened due to their current status as non-commercial
species. When provinically significant habitats are identified through
this program, such information will be communicated to the Ministry of
Natural Resources for consideration in the Nature Reserve system.

PROGRESS

During the past year, approximately 250 sightings or herbarium
specimens of rare woody species were recorded. Of 142 seed collections of
native plants for the Arboretum's Index Seminum, 50 were of rare woody
species. These were distributed to 132 requesting botanical institutions
and individuals. Significant assistance was received from the Arboretum
Associates for both the survey and seed vollecting.

We are now better able to define the distribution of many of
these species, with several range extensions noted both from recent lit-
erature (Campbell and Reznicek, 1977) and herbarium specimens collected
through this program. New species of native woody plants are also being
recorded in the literature (Maycock, et al. 1980) as well as by Associates.
An example of the latter is the discovery of Quercus shumardii Buckl. in
Essex Co. by Gerald E. Waldron. The identity of the specimens was subse-
quently verified and additional stands of this species were located.

With this accumulating data, it is clear that certain species
have a very restricted distribution in Ontario and are potentially endang-
ered. Two such species, Gymnocladus dicica (L.) K. Koch and Fraxinus
quadrangulata Michx., were selected for detailed study during 1981. Status
reports will be prepared for the Committee on the Status of Endangered
Wildlife in Canada. If these reports indicate a level of endangerment
warranting official designation, then these species, and their habitats,

will be afforded protection under the Endangered Species Act of Ontario.

During the past two springs, the Gene Bank was prepared for later
planting of lots of rare tree seedlings. A shelterbelt and blocks of
intolerant nurse crop trees were established for later inter-planting with
the tolerant rare species. In addition, a small plantation of Black Walnut
(Juglans nigra L.) was established, according to the ministry recommenda-
tions (Johnson, 1979), inter—-planted with White Pine (Pinus strobus L.).
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The plantation represents 42 collection sites throughout Ontario, received
as a duplicate set of seedlings from the Petawawa Forest Experiment Station
(Calvert, 1976).

With the recognized significance of regional rarity, and the need
to conserve forest gene resources for future economic utilization, arboreta
and botanical gardens often represent ideal coordinating institutions for
such programs as this. Appropriate staff are present, contacts with the
interested public are established, and land is available for long term
commitments.

ACKNOWLEDGEMENTS

This program is supported by a grant to the University of Guelph
Arboretum from the Ontario Ministry of Natural Resources. The preparation
of the endangered species status reports is supported by the World Wildlife
Fund (Canada). The accomplishments of the program are to a significant
proportion a credit to the voluntary support of numerous Arboretum Associ-
ates and the technical assistance of Steven Aboud.

REFERENCES

Argus, G. W. and D. J. White, 1977. The Rare Vascular Plants of Ontario.
Syllogeus 14, National Museums of Canada.

Calvert, R. F., 1976. 1976 Black Walnut Seed Collection. File Report,
Petawawa Forest Experiment Station, Canadian Forestry Service.

Campbell, C. A. and A. A. Reznicek, 1980. New vascular plant records on
Pelee and East Sister Islands, Essex County, Ontario. Canadian Field-
Naturalist 92(1): 384-390.

Johnson, E. F., 1979. Black Walnut/White Pine Prescription. Ontario
Ministry of Natural Resources.

Maycock, P. F., D. R. Gregory and A. A. Reznicek, 1977. Hill's Oak
(Quercus ellipsoidalis) in Canada. Canadian Field-Naturalist 94(3):
277-285.




168

AMELIORATION DES ARBRES FORESTIERS AU SERVICE DE
LA RECHERCHE FORESTIERE DU MINISTERE DE
L'ENERGIE ET DES RESSOURCES DU QUEBEC

R. Beaudoin, A. Stipanicic et G, Vallée
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PROJET G 68-1. SELECTION DE CLONES ET AMELIORATION DU PEUPLIER
(POPULUS L.), PAR G. VALLEE

Mots-clés: Populus L., test de provenances, test clonal, sélection de
clones, croisements, introduction.

Plantations comparatives

Les tests clonaux de 3° génération ont débutés en 1979
pour comparer les nouveaux clones de la collection avec les meilleurs
des tests clonaux de la 2° génération. En 1979 et 1980, deux disposi-
tifs ont été établis, dont l'un a été congu pour fournir des informa-
tions sur le potentiel de production en biomasse des clones comparés.

Un test «clonal spécifique a été réalisé avec 76 clones de
Populus nigra L. afin d'identifier les clones les mieux adaptés et les
plus productifs pour, par la suite, les utiliser comme géniteurs dans
les croisements. P. nigra est particuliérement résistant a la rouille
Melampsora medusae Thum. trés fréquente au Québec, d'ol 1'intérét d'u-
tiliser P. nigra dans 1les hybridations, sans compter aussi sa bonne
aptitude au bouturage.

D'ailleurs, dans le but d'identifier des bonnes sources de
génes de P. nigra L., un test de provenances-descendances a été entrepris
avec l'installation de deux dispositifs dans les régions de Québec et
Montréal comprenant respectivement 27 et 18 descendances-provenances
représentées par 6281 et 3894 plants. Les plants d'un troisieme dis-
positif ont été donnés sur une base d'échange au Ministere des Res-
sources naturelles de 1'QOntario (aux soins du Dr Zsuffa), afin d'exploi-
ter au maximum ce matériel génétique.

Enfin, 1la plantation en 1980 de 1887 plants représentant
16 provenances a complété le test de provenances, entrepris en 1976,
sur P. trichocarpa Torr. et Gray.
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Croisements

Durant 1l'hiver 1980, 72 croisements intra et inter-spéci-
fiques ont été faits en utilisant 21 géniteurs choisis en général
parmi les meilleurs clones ou familles des plantations comparatives
des arboretums de Villeroy et Lotbiniere. Seulement 12 croisements
ont donné 2 493 semis représentant les hybrides suivants:

P. balsamifera X P. nigra

P. X jackii X P. nigra

P. % jackii x P. deltoides (et le réciproque)
P. X jackii X P. X jackii

P. X euramericana X P. X jackii

P. X euramericana X P. nigra

Récolte de semences

Dans le but de compléter 1'échantillonnage génétique de 1l'aire
de distribution au Québec du P. deltoides Marsh., les semences de trente-
cinq descendances-provenances ont été récoltées particuliérement dans la
vallée de 1'Outaouais et dans les régions du sud de Montréal et des Can-
tons~de-1'Est. Des semences de cette récolte ont été expédiées en Ontario
et en Chine.

Etude particuliére

Dans un test de provenances-descendances de P. deltoides
Marsh. de la vallée du Saint-Laurent adgé de 10 ans et établi au populetum
de Villeroy par le Service de la recherche forestiére, une étude de cer-
taines caractéristiques du bois des arbres a été effectuée par monsieur
Marco Delucchi (1981) sous la direction du professeur Jean Poliquin de
la Faculté de Foresterie et Géodésie de l'université Laval. Les résul-
tats trés intéressants de cette étude seront publiés.

Salix spp.

Deux tests de 26 clones de Salix spp. ont été établis, dont
1'un en mélange ligne par ligne avec l'aulne glutineux (Alnus glutinosa
Gaertn.) pour la sélection de clones aptes a la production de biomasse,
l'aulne faisant office de fixateur d'azote.

AMELIORATION GENETIQUE ET HYBRIDATION
DES AULNES, PAR GILLES VALLEE

Mots-Clés: Alnus L., tests de provenances et descendances, hybridations.

Les aulnes sont des espéces qui présentent un fort potentiel
pour la production de biomasse en plantation pure ou en mélange avec d'au-
tres espéces. En particulier, 1l'aulne glutineux, espéce introduite depuis
1970 dans les arboreta du Service de la recherche forestiére, montre un
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comportement trés intéressant pour l'enrichissement des taillis naturels.
Planté immédiatement aprés coupe & blanc, des plants d'aulne glutineux
de * 1 m de hauteur réussissent a4 croitre au méme rythme que la régénéra-
tion naturelle, y compris les rejets et les drageons, sans nécessité de

dégagement.
Plantations comparatives

Les 28 plantations comparatives faites dans les arboretums
comprennent des tests de provenances sur Alnus glutinosa (13 provenances)
et Alnus incana var. rugosa (Du Roi) Spreng. (17 provenances) et un test
de 45 descendances demi-fratries d'arbres sélectionnés dans les meilleures
provenances d'aulne glutineux. Cing ans aprés plantation, la meilleure
provenance a l'arboretum de Lotbiniére est celle du verger a graine d'Ost-
preussen de la République fédérale d'Allemagne, avec une hauteur moyenne
de 3,12 m.

Croisements

En 1979, 31 croisements A. ElEE&EEEa X A. incana var. rugosa
ont été réalisés sur les arbres en plantation a 1'arboretum de Lotbiniére
(tableau 1). De ce nombre, 20 croisements ont produits 605 hybrides qui
sont plantés maintenant en comparaison avec des aulnes glutineux descen-

dant des mémes arbres-méres.

Dans ces croisements, la pollinisation a été faite avec du
pollen de 2 arbres-péres de provenances différentes (Sorel et Villeroy).
Deux croisements (n° 3388 et 3389) Alnus incana var. incana X Alnus
incana var. rugosa ont été aussi réalisés et ont produits un nombre équi-
valent de descendants, soit 20 et 25, pour un total de 45. On remarquera
au tableau 1 que certains arbres-méres A. glutinosa montrent une plus
grande aptitude a 1'hybridation avec A. incana var. rugosa, en particulier
462-4 (croisements 3360, 3361), 161i-16 (3393, 3394) et 160-18 (3399,
3400). De plus, pour les croisements 3360 et 3393, il faut noter le nom-
bre beaucoup plus grand de descendants obtenus avec A. incana var. rugosa
de Sorel par rapport a celui de Villeroy, ce qui laisse entrevoir une
aptitude préférentielle & 1'hybridation entre les arbres parents impliqués.

Durant 1'hiver 1980-81 wvingt et un croisements A. glutinosa
X A. incana var. rugosa, 5 croisements A. incana var. incana X A. incana
var. rugosa, 6 croisements A. glutinosa X Betula papyrjfera et 2 croise-
ments A. var. incana X Betula papyrifera ont été réalisés en serre sur des
rameaux floraux greffés en bouteille. Les croisements A. glutinosa X

Betula papyrifera ont produits des fruits mais il est trop tdét, au moment
de cet écrit, pour présager de la fertilité des semences.

Propagation végétative

Des semis hybrides A. glutinosa X A. incana var. rugosa ont
été soumis a des essais de bouLurage 3 partir de boutures herbacées mono-
nodales enracinées sous mist. Des taux de reprises de l'ordre de 90 p.
100 laissent entrevoir la possibilité de réaliser des sélections clonales
de fagon a obtenir le maximum de gain génétigue.



Tableau 1. Liste des croisements Alnus glutinosa X Alnus
var. rugosa et nombre de descendants obtenus
n° n® arbre, provenance X provenance
croisement
3352 510 - 1, Allemagne, Oberbayern X Villeroy
3353 510 - 19, Allemagne, Oberbayern X Sorel
3354 510 - 2, Allemagne, Oberbayern X Sorel
3355 510 - 2, Allemagne, Oberbayern X Villeroy
3356 161 - 3, Suisse, Zugerberg x P.L.1
3357 161 -~ 3, Suisse, Zugerberg X Sorel
3358 161 - 3, Suisse, Zugerberg x Villeroy
3359 462 - 4, Hongrie, Sellye x P.L.
3360 462 - 4, Hongrie, Sellye X Sorel
3361 462 - 4, Hongrie, Sellye X Villeroy
3362 511 - 5, Allemagne, Ostpreussen X P.L.
3363 511 - 5, Allemagne, Ostpreussen X Sorel
3364 511 - 5, Allemagne, Ostpreussen X Villeroy
3365 511 - 6, Allemagne, Ostpreussen X P.L.
3366 511 - 6, Allemagne, Ostpreussen X Sorel
3367 511 - 6, Allemagne, Ostpreussen X Villeroy
3368 511 - 7, Allemagne, Ostpreussen X P.L.
3369 511 - 7, Allemagne, Ostpreussen X Sorel
3370 511 - 7, Allemagne, Ostpreussen X Villeroy
3371 462 - 8, Hongrie, Sellye x P.L.
3372 462 - 8, Hongrie, Sellye X Sorel
3373 462 - 8, Hongrie, Sellye X Villeroy
3374 462 - 9, Hongrie, Sellye x P.L.
3375 462 - 9, Hongrie, Sellye X Sorel
3376 462 - 9, Hongrie, Sellye X Villeroy
3377 462 - 10, Hongrie, Sellye X P.L.
3378 462 - 10, Hongrie, Sellye X Sorel
3379 462 - 10, Hongrie, Sellye x Villeroy
3380 431 - 11, Hongrie, Novajidrany X P.L.
3381 431 - 11, Hongrie, Novajidrany X Sorel
3382 431 - 11, Hongrie, Novajidrany X Villeroy
3383 161 - 12, Suisse, Zugerberg X P.L.
3384 161 - 12, Suisse, Zugerberg X Villeroy
3385 160 - 13, Suisse, Frick-Ag X P.L.
3386 160 - 13, Suisse, Frick-Ag X Villeroy
3387 512 - 14, Roumanie, Arges X P.L.
3388 512 - 14, Roumanie, Arges X Sorel
3389 512 - 14, Roumanie, Arges x Villeroy
3390 431 - 15, Hongrie, Novayidrany X P.L.
1 P.L.: Pollinisation libre.
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incana

nombre de
descendants

+ 100
20
25
45
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Tableau 1 (suite)

n° n® arbre, provenance X provenance nombre de
croisement descendants
3391 431 - 15, Hongrie, Novayidrany X Villeroy 0
3392 161 - 16, Suisse, Zugerberg X P.L. + 100
3393 161 - 16, Suisse, Zugerberg X Sorel 80
3394 161 - 16, Suisse, Zugerberg X Villeroy 10
3395 161 - 17, Suisse, Zugerberg X P.L. + 100
3396 161 - 17, Suisse, Zugerberg X Sorel 0
3397 161 - 17, Suisse, Zugerberg X Villeroy 3
3398 160 - 18, Suisse, Frick-Ag X P.L. + 100
3399 160 - 18, Suisse, Frick-Ag x Sorel 13
3400 160 - 18, Suisse, Frick-Ag X Villeroy 34

PROJET G 79-1. AMELIORATION DE L'EPINETTE NOIRE
PAR G. VALLEE

Mots-clés: étude de populations, densité basale.

Travaux réalisés en 1979 et 1980

Dans un secteur d'amélioration du nord-ouest du Québec situé
entre les longitudes 77°0 et 79°30'0 et entre les latitudes 48°N et 49°N,
vingt-deux peuplements d'épinette noire ont été localisés avec une dis-
tribution la plus uniforme possible sur ce territoire. Dans chaque peu-
plement 10 arbres, espacés d'au moins 100 m, ont été sélectionnés dans le
but de les utiliser comme géniteurs dans un verger a graines et pour réa-
liser des études génétiques.

Deux campagnes de greffage des arbres sélectionnés ont eu lieu
au printemps 1979 et 1980 avec trés peu de succes.

Durant 1'été 1980, deux carottes ont été prélevées, a l'aide
d'une sonde Pressler de 10 mm de diamétre, du cdté sud et du co6té nord des
troncs de chaque arbre sélectionné (220 au total), dans le but de réaliser
une étude sur la densité basale et la longueur des fibres du bois. Cette
étude a été faite en collaboration avec le professeur Jean Poliquin qui
a supervisé les analyses et dirigé le mémoire de fin d'études de monsieur
Guy Boucher, étudiant a la faculté de foresterie et géodésie de 1l'univer-
sité Laval.
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Résultats

Les premiers résultats sur 8 peuplements (Boucher 1981) mon-
trent une différence trés significative de la densité basale moyenne des
peuplements aprés correction, par analyse de covariance, de l'influence
de la largeur des cernes annuels du bois (taux de croissance radial).
De plus, il yv a une relation trés significative entre la densité basale du
bois juvénile (0 a4 10 ans) et celle du bois adulte (r = 0,72) et il n'y
a pas de différence significative entre les cOtés nord et sud des troncs.

La densité basale moyenne des 8 peuplements varie de 0,399 2
0,452 du coté nord des troncs avec une moyenne de 0,427. Ces variations
équivalent a une différence de 13,3 p. 100 entre le peuplement ayant la
densité la plus élevée et celui ayant la plus faible, et de 8,3 p. 100 par
rapport & la moyenne des 8 peuplements. Les différences de densité basale
entre les arbres d'un méme peuplement sont beaucoup plus faibles (% 0,01)
en général et ne semblent pas favorables a une sélection individuelle.

En conclusion, les différences de densité basale entre les 8
peuplements suggérent de faire un choix des populations dans lesquelles
sera effectuée la sélection d'arbres-plus pour la réalisation de vergers a
graines. Il faut espérer que les données provenant des 14 autres peuple-
ments étudiés confirmeront ce résultat qui a un impact direct sur les
gains de production en fibres, vu que l'épinette noire intéresse particu-
liérement l'industrie des pites et papiers. Un rapport détaillé sera pro-
duit sur cette étude.

PROJET G 70-3 AMELIORATION DU MELEZE
(LARIX, Mill.) par A. STIPANICIC

Mots-clés: Larix, Mill., test de provenances, test de descendances, sélec-
tion des arbres, croisements, introduction.

Les travaux concernant le projet d'amélioration du méleze ont
été poursuivis durant les deux derniéres années avec la méme intensité
qu'au cours des années précédentes. Nous avons concentré nos efforts sur
L. decidua et L. leptolepis pour lesquels nous pouvons exploiter une bonne
réserve de matériel génétique dans les plantations déja existantes, mais
nous avons aussi continué les travaux avec L. laricina, dont l'importance
pour nos foréts boréales est indéniable. Notre Service a collaboré avec
le professeur Jean Poliquin a la réalisation d'une étude sur les qualités
physico-mécaniques des bois des mélézes d'Europe, du Japon et laricin,
réalisé par A. Verville (1980) au Département d'exploitation et utilisa-
tion des bois de 1'université Laval. Les résultats de ce travail montrent
que ces mélézes, en plantation de 20 & 25 ans, ont une densité basale et
une résistance mécanique comparables a 1'épinette noire en peuplement natu-
rel, ce qui laisse présager une utilisation comparable pour le sciage.
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Récolte des graines

Les deux derniéres années n'étaient pas trés bonnes au point
de vue de la fructification du méléze. Ainsi, en automne 1979, nous avons
récolté seulement 220 arbres de méleze lar1c1n dans 24 peuplements a tra-
vers le Québec.

Plantations expérimentales

En janvier 1980, nous avons mis en marche une expérience
comprenant plus de 400 descendances. de méleze laricin. Ce matériel repré-
sente une grande partie de l'aire de distribution du L. laricina au Québec:
et il nous servira pour la formation d'un test de descendances-provenances.
L'ensemencement a été fait en serre dans des contenants; au mois de juin,
nous avons transplanté les semis dans la pépiniére et nous prevoyons les
sortir sur le terrain au prlntemps 1982. '

Au printemps 1980, nous avons installé 5 tests de provenances
comprenant trois provenances de méléze d'Europe et neuf provenances de
méleze du Japon. Les graines pour cette expérience, regues du Service de
la restauration, ont été récoltées dans des plantations connues au Québec
et le but de 1l'expérience est de verlfler la qualité dc ces plantatlonsk
comme sources de graines. '

Les plants obtenus a partir de 51 lots de graines provenant
d'un parc a clones de méléze en Finlande et pouvant donné des hybrides,
nous ont servi a installer un autre test de descendances au printemps
1981. Ce dispositif nous permettra de comparer différents hybrides dont
l'arbre-mére était le plus souvent L. sibirica. Le comportement de cer-
tains de ces hybrides était trés satisfaisant au niveau de la pépiniere:
l'accroissement moyen était de 50 cm en 2 ans et les familles démontraient
une résistance prononcée au froid.

Vergers a graines et parc a clone

~En collaboration avec 1'Institut National de Foresterie de
Petawawa et la compagnie C.I.P. ltée, nous avons continué la sélection
des arbres de L. decidua dans la plantation «Avoca» a la Station fores-
tiere de Harrington. En nous basant sur 1' analyse  faite en 1977 par
1'T.N.F.P., nous voulons mettre sur pied un verger & graines clonal qgi
va réunir les meilleures provenances (de Pologne et des Sudétes)‘repr?~
sentées dans cette expérience. . Au total, 100 arbres ont été sélectionnés
dans la. plantatlon «Avoca» et~ dans une plantation de Petawawa réalisée
avec le méme materlel que celle de Harrlngton

Dans 1'arboretum de'Lotbiniére, nous avons installé un autre
verger a graines clonal qui contient 76 clones de L. leptolepis sé%ection—
nés dans une plantation de Harrington. Dans chacune des dix répeti%ions
de cette expérience, nous avons inclus un clone de L. decidua, en espérant
obtenir 1'hybride L. X eurolepis. Ce verger n'est pas encore complété
et nous comptons reproduire les ramets des clones sélectionnés par gref-
fage ou bouturage au cours des deux prochaines années.
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Nous avons continué & augmenter notre collection de clones.
Présentement, dans le parc & clones de la Station Forestiere de Duchesnay,
nous avons réuni 100 clones de L. laricina, 100 clones de L. decidua,
75 clones de L. leptolepis, 20 clones de L. X eurolepis, 1 clone de L.
sibirica et 2 Clones de L. dahurica. Malheureusement, la floraison de ces
clones n'était pas suffisamment abondante jusqu'a présent pour nous per-

mettre de procéder 3 des essais de pollinisation contrdlée.

PROJET G 74-1 AMELIORATION DU PIN GRIS
(PINUS BANKSIANA LAMB.), PAR R. BEAUDOIN

Mots-clés: Pinus banksiana Lamb., parc & clones, test de descendances,
densité basale, population, sélection individuelle.

Tests de descendances

Dans le cadre du programme de recherche sur 1l'amélioration du
pin gris, un test additionnel de provenances-descendances a été réalisé
en 1980 dans le canton de Céloron (latitude 49°04' nord, longitude 78°32°
ouest) afin d'obtenir de la graine de qualité supérieure pour les reboi-
sements du nord-ouest québécois. Ces quelque 235 lots de graines prove-
nant d'arbres sélectionnés avaient été établis en 1979 sur une station
argileuse dans un canton voisin. Avec ce test, le comportement des mémes
provenances-descendances sera étudié sur un sol sableux. Le potentiel
de croissance ou l'expression du bagage génétique de chaque provenance ou
descendance sera ainsi en relation avec la qualité de la station et l'ap-
titude de chaque provenance ou descendance a utiliser au maximum chaque
saison de croissance.

Dix-huit descendances de la provenance Mattawin ont été ins-
tallées & Cabano en 1980 (lat. 47°30' N., long. 69°03' 0.). Les cones
avaient été récoltés sur des arbres de trés belle venue (moyenne de 50
arbres sélectionnés, hauteur 24,8 m, d.h.p. 33,8 cm, &ge 95 ans. Ce
test a été effectué dans l'optique de suppléer a la faible qualité des
populations locales de pin gris comme source d'approvisionnement en
semences pour les reboisements de cette région de 1'Est du Québec.

Provenance Baskatong

Un parc a clones a été implanté a l'arboretum de Lotbiniere
(lat. 46°30' N., long. 71°55' 0.) en 1980. Quelque 174 clones totali-
sant 487 ramets provenant.du greffage des arbres sélectionnés de la prove-
nance Baskatong y sont représentés.

L'étude de cette provenance montre que les différences de den-
sité basale entre les arbres sélectionnés d'un méme peuplement sont assez
fortes. La densité du bois juvénile (0 a 10 ans) et celle du bois adulte
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(25 a 35 ans) au niveau du d.h.p. varient respectivement de 0,42 & 0,32 et
0,54 a 0,39. Cette variation de la densité basale et sa forte héritabi-
lité incitent & pratiquer une sélection individuelle pour ce caractere
afin d'augmenter la production en fibres méme si actuellement la majorité
des arbres récoltés sont destinés au sciage.

La densité basale du bois juvénile est en relation trés signi-
ficative avec celle du bois adulte au niveau du d.h.p. Le coefficient
de corrélation pour l'analyse de 88 échantillons est de 0,32. La sélec-
tion pour ce caractere peut donc se faire en bas dge.

L'analyse de la densité basale moyenne du bois juvénile de
88 arbres a deux niveaux du flit indique que celle-ci est similaire au
d.h.p. et a 13,56 m du sol (d = 0,38). De plus, il y a une relation treés
significative entre les densités du bois pour des échantillons prélevés a
ces deux endroits (r = 0,65). Un rapport détaillé sera produit sur
1'étude des arbres sélectionnés de cette provenance.

PROJET G 77-1. TESTS DE PROVENANCES SUR LE PIN DE MURRAY
(PINUS CONTORTA DOUGL. VAR. LATIFOLIA ENGELM.)
PAR R. BEAUDOIN

Mots-clés: Pinus contorta Dougl. wvar. latifolia Engelm., introduction,
test de provenances.

Matériel

Vu 1l'importance de cette espéce sur le plan rendement dans des
conditions de croissance semblables & celles du Québec, le Service de la
recherche forestiére a cherché a exploiter au maximum le matériel (semis)
qui lui était offert par d'autres organismes et a utiliser les lots de
graines accumulées dans sa banque de semence (collection I.U.F.R.0.).

Observation en pépiniére

A 1'automne 79 et au printemps 80, des observations portant
sur la couleur des aiguilles, les dégdts de gel, la pousse d'aolt et la
hauteur des plants, ont été faites i la pépiniére de Duchesnay sur les 134
provenances semées en 1977. Les provenances de Californie avaient un
taux élevé de pousses d'aolit (80 2 90 pour cent des semis) et certaines
d'entre-elles présentaient des dégits de gel.

Plantations comparatives

L'installation des dispositifs expérimentaux a été effectuée
en 1980 dans 9 arboretums situés a 1'extérieur de 1l'aire principale de
distribution de Pinus banksiana (dans 1l'est du Québec, en Gaspésie, aux
Iles-de-la-Madeleine et au sud du fleuve Saint-Laurent), a cause de la
sensibilité de Pinus contorta a la rouille Cronartium comptoniae.
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Par la sélection des meilleurs individus parmi les provenances
les plus intéressantes, nous espérons constituer des vergers a graines et
faire que cette espéce pourra étre une option valable pour les reboise-
ments au Québec.

Le comportement, sur les plans croissance et forme, de trois
provenances de Colombie-Britannique de Pinus contorta var. latifolia
(Beaver Creek, Reid Lake, Cariboo), installées en 1972 & l'arboretum de
Matapédia, est trés prometteur. Ce matériel (semis 2-3) avait été recgu
de la pépiniére de Berthierville par l'entremise de monsieur Yves Lamonta-
gne. La hauteur totale des meilleurs sujets, aprés 10 ans de croissance a
partir de la plantation, est de 4 metres.

REFERENCES

BOUCHER, Guy, 1981. Etude des différences de densité basale pour le choix
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DELUCCHI, MARCO, 1981. Etude de quelques propriétés anatomiques et physi-
’ ques de provenances-descendances de peuplier deltoide (Populus
deltoides Bartr.). These de maitrise, Faculté de Foresterie

et Géodésie, Université Laval.

VERVILLE, ANDRE, 1980. Etude physico-mécanique de quelques especes du
genre Larix en plantation. These de maitrise, Faculté de
Foresterie et Géodésie, Université Laval.
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RECOLTE DE CONES ET AMELIORATION DES ARBRES PAR LE SERVICE
DE LA RESTAURATION DU MINISTERE DE L'ENERGIE ET DES
RESSOURCES DU QUEBEC

Yves Lamontagne

Ministene de L'Energie et des Ressources
Senvice de La Restauration
2008, Ch, Ste-Foy, Québec, P.0.
GIR 4X7

Mots-clés: semences forestid@res, peuplement semencier, verger & graines,
sélection.

Pour réaliser le programme de régénération artificielle prévu
dans la politique de développement de 1'industrie des pites et papiers, le
ministére de l'Energie et des Ressources du Québec doit accentuer les ef-
forts au niveau de la récolte des semences, afin de se constituer une ré-
serve adéquate de toutes les essences requises dans chacune des zones ou
1'on prévoit de la régénération artificielle.

Environ 10 mille hectolitres de c8nes sont requis annuellement
pour répondre aux besoins du programme de régénération artificielle. Le
service de la Restauration du minist@re de 1'Energie et des Ressources a
mis sur pied un programme d'établissement de vergers 3 graines de produc-
tion qui devrait permettre dans le futur, 1'utilisation de semences amélio-
rées génétiquement pour les besoins des plantations.

RECOLTE DE CONES

Au cours de 1979, 7 123,7 hl de cBnes furent cueillis alors qu'en
1980, ce volume a été porté & 10 518,0hl (tableau 1). 1980 marque une an-
née record pour le volume de cOnes récoltés au Québec. Les deux derniéres
années furent semblables quant & la fructification moyenne de certaines es
sences comme 1'épinette de Norvége, l'épinette noire, le pin gris, le pin
rouge et le pin blanc.

AMELTORATION DES ARBRES
Peuplements semenciers

Durant les deux derniéres années, des travaux ont &té réalisés
sur une superficie d'environ 300 ha. Les travaux ont surtout consisté &
nettoyer les peuplements déja établis, a dégager les arbres choisis comme
semenciers, a tailler quelques flé&ches terminales et # arroser certains
peuplements contre la tordeuse des bourgeons de l'épinette.
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Tableau 1. Quantité de cOnes récoltés, par
essence, en 1979 et 1980 au Québec.

Cones récoltés en

Essence o
1979 1980
............. S 1

Abies balsamea 14,4 0,2
Larix decidua 6,2 1,5
Larix laricina 64,8 6,06
Larix leptolepis 10,2 4,7
Picea abies 643,5 538,8
Picea glauca 154,7 24,2
Picea mariana 1 635,7 631,4
Picea rubens 154,0 -
Pinus banksiana 3 104,4 5 290,38
Pinus resinosa 568,2 333,8
Pinus strobus 671,6 3 511,4
Pinus sylvestris 100,0 174,6
Total 7 123,7 10 518,0

Vergers a graines

Au cours des deux derniéres années, l'entretien des vergers a
graines déja établis s'est poursuivi et quelques nouveaux vergers ont été
établis.

Dans le canton Briand, la superficie du verger a été portée &
40 ha par 1'addition de 24 ha de semis de pin gris. Un verger & graines
de semis de pin gris a aussi été installé dans le canton Duvernay, sur une
superficie de 12,5 ha avec des descendants de 334 arbres sélectionnés dans
la région immédiate.

Avec la collaboration du Centre de recherches forestiéres des
Laurentides, nous avons &tabli un verger 3 graines de semis d'épinette
blanche avec 200 familles provenant de diverses régions de la Province.
I1 est situé a St-Georges-de-Beauce.

Un petit verger de semis d'épinettes noires fut installé dans
le canton Normandin avec 60 descendances sélectionnées dans les environs.
Egalement, 86 provenances de pin rouge furent utilisées dans un verger &
graines de semis dans le méme canton.

La superficie totale de vergers 3 graines requisc pour les be-
soins des plantations a été évaluée a 550 ha pour la Province dont une
centaine d'hectares sont déja établis.
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Sélection d'arbres

Le programme de sélection d'arbres s'est accentué au cours des
derniéres années. En date d'avril 1981, 2500 arbres de diverses essences
ont été sélectionnés. 1Ils ont été ou seront multipliés dans des vergers
4 graines clonaux ou de semis, de premiére génération, selon les espéces.
Ces arbres sont sélectionnés dans les meilleurs peuplements naturels ou
artificiels. Ce matériel de base sera aussi utilisé dans divers tests de
descendances ou de provenances pour des améliorations futures.
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VARIABILITE SPATIALE ET TEMPORELLE DE LA CROISSANCE
JUVENILE DES PROVENANCES D'EPINETTE NOIRE

AU QUEBEC
1)

Armand G, Corriveau

Centrne de Rechenches fornestienes des Lawrentides
Senvedie canadien des foréts
1080 Route du Vallon
C.P. 3800
Sainte-Foy, Quebec
Gl1V 4C7

Mots clefs: épinette noire, black spruce, Picea mariana, provenance,
variation.

Plus les exploitations forestilres avancent dans la foré&t boré&ale,
encouragées par la demande soutenue et 1'absence d'une régénération natu-
relle adéquate aprés la coupe, et plus les essences proprement nordiques,
tel le méléze laricin (Larix laricina (Du Roi) K. Koch), le pin gris (Pinus
banksiana Lamb.) et 1'épinette noire (Picea mariana (Mill.) B.S.P.) pren-—
nent de l'importance dans les reboisements. Cette derniére espéce, en plus
de fournir un bois de premiére qualité pour la pite et le sciage, a la ca-
pacité de croitre sur une gamme de sites allant des tourbiéres 4 sphaigne
aux affleurements rocheux en passant par les sables peu fertiles et les
argiles trop lourdes. Si elle a acquis la réputation d'essence & croissan-
ce lente, c'est qu'elle s'accommode souvent d'habitats ne permettant pas un
développement rapide. Lorsqu'elle est plantée sur des sites de bonne qua-
lité, son rendement est supérieur & celui de 1'épinette rouge (Picea rubens
Sarg.), trop sensible aux vents froids et dessé&chement de 1l'hiver et compa-
rable & celui de 1'&pinette blanche (Picea glauca (Moench) Voss) plus exi-
geante en €léments nutritifs. Sa résistance partielle 3 la tordeuse des
bourgeons de 1'épinette, étroitement liée i sa phénologie, ajoutée 3 ses
caractéristiques spécifiques en fait l'essence numéro 1 pour le reboisement
au Québec et dans tout l'est du Canada.

Des &tudes antérieures (Khalil, 1978; Morgenstern, 1969, 1973,
1978) ont démontré qu'il existe des variations génétiques d'origine géogra-—
phique importantes dans la croissance de 1'épinette noire permettant d'es-
pérer des gains substantiels par 1l'identification et 1l'utilisation de sour-
ces supérieures lors des reboisements. La rapidité d'accumulation des
gains génétiques sera fortement liée 3 la précision avec laquelle
1'améliorateur pourra identifier, 4 bas dge, les populations ou génotypes
supérieurs. Plus hdtives et plus sdres seront les sélections et plus
rapides seront les gains. Les observations précoces en pé&piniére
permettent—elles vraiment de déceler les provenances & fort rendement chez

1) Le lecteur est prié de se référer 3 Corriveau et Vallée, [981 pour
un rapport sommaire des progrés réalis€s au cours des derniéres années.
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1'épinette noire? Quelles sont les relations entre les coordonnées gdogra-
phiques du lieu d'origine et la performance des sources dans le temps, et
dans divers milieux? Telles sont les questions auxquelles nous essayons de
répondre dans cette &tude.

MATERIEL ET METHODES

L'essai de provenances d'épinette noire a été& initié en 1968 par
1'échantillonnage génétique d'un grand nombre de populations et 1'&change
de semences entre les collaborateurs. Cent provenances, échelonndes sur
quelque 20 degrés de latitude et 110 degrés de longitude, dont 45 du Qué-
bec, 15 des Maritimes, 24 de 1'Ontarioc et des &tats américains des Grands
Lacs, et, 16 sources du centre, de l'ouest canadien et de 1'Alaska, fureut
ensemencées d la pépiniére de Valcartier au printemps 1970, selon un dispo-—
sitif al@atoire complet de six répétitions. A l'automne de la méme année,
dix semis par provenance et répétition furent choisis au hasard et mesurés
quant a leur taille et poids. Un nombre égal de semis fut identifié en
permanence dés 1'année suivante et des mesures de croissance en hauteur
furent prises au cours des trois annes suivantes. Six essais de provenan-
ces furent établis en 1974 et 1975 en milieux forestiers représentatifs des
grandes régions d'exploitation du Québec soit les Laurentides, 1'Abitibi,
la C6te—Nord, et la Gaspésie (tableau 2). Des mesures de croissance et de
survie aprés plantation furent prélevdes & 1'automne 1979 dans chacun de
ces essais.

Les analyses de corrélation, et de régression multiple par étape,
conduites 4@ partir des moyennes des provenances, furent utilisées pour in-
terpréter les observations recueillies.

RESULTATS E{ DISCUSSIONS
Variabilité temporelle

Les coefficients de corrélation de Pearson entre les valeurs mo-—
vennes des groupes a différents Ages, nous offrent une mesure de l'effica-
cité des sélections précoces des provenances d'épinette noire. Le tableau
1 indique que ces coefficients sont généralement forts entre deux anndes
consécutives en pépiniére mais qu'ils s'affaiblissent proportionnellement
au lapse de temps séparant les observations. la corrélation entre la
taille des provenances observée en pépiniére et celle observée en milieux
forestiers, quatre ou cing ans aprés la plantation est de faible (.3< r <
.5) 3 trés faible (r <« .3). Remarquons &galement que les corrélations sont
généralement de signe négatif entre les croissances juvéniles observées en
pépiniére et celles obtenues en milieux forestiers alors qu'elles &taient
positives entre les observations faites en pépiniére 3 des Adges différents.
Outre le choc de transplantation plus sévére que peuvent avoir subi les
provenances d croissance rapide, di 3 leur plus forte taille, ce phénoméne
refléte sans aucun doute 1'influence des conditions climatiques et &daphi-
ques des différents milieux d'expérimentation sur l'expression du potentiel
génétique des sources. Les provenances ayant démontré un fort taux de
croissance dans des conditions favorables de climat et de sol de la pépi-
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nicére sont déclassées au cours des premiéres anuées suivaot la plantation,
par des sources a croissance plus lente. Remarquons que la relation néga-
tive cntre les hauteurs ot accrolsscments observés en pépinidre et ceux
mesurés en milicux forestiers s'accentue au fur et d mesurc que nous pas—
sons a des conditions environnementales plus difficiles par cxemple Mont
Laurier, Lac St-Ignace, Labrieville, Amos et Chibougamau; par ordre crois—
sant de sévérité. C'est donc dire, que plus le climat et les sols des
sites de reboisement sont sévéres et moins la sélection précoce, effectuée
en fonction d'une croissance rapide en pépiniére, risque d'étre efficace et
plus il est uécessaire de tester les sources dans des conditions environne-
mentales se rapprochant de cellies des sites de reboisement.

Variabilité intrinséque et spatiale

Toutes les caractéristiques de croissance juvénile des provenances
d'épinette noire observées en pépiniére montrent une diminution significa-
tive avec l'augmentation de la latitude, de la longitude et de l'altitude
du lieu d'origine de celles-ci. L'effet d'origine est surtout marqué au
cours des premiére, deuxime et quatridme saisons de croissance; (r = —.7
avec la latitude, r = =.5 avec la longitude et r = -.3 avec 1'altitude)
(tableau 2). L'écart noté 3 la 3° saison de croissance peut s'expliquer
par l'effet du repiquage des semis effectué au printemps de la méme année.

Les analyses de régression multiple par étape renforcent les
constatations précédentes. Entre 49 et 74 pourcent de la variabilité de
la hauteur totale des provenances d'épinette noire, au cours des quatre
années en pépiniére est expliqué par la variabilité des coordonnées géo-
graphiques du lieu d'origine des provenances tel qu'estimé par les coeffi-
cients de détermination RZ (tableau 3). a latitude est de loin la va-—
riable indépendante la plus importante suivie de la longitude alors que
1'altitude n'apporte une contribution significative qu'd l'accroissement
obtenu la quatriéme année de croissance. Le fort niveau de signification
statistique des &quations et des plans de régression calculés dénote
l'existence d'une variation de nature clinale importante dans la croissance
juvénile de 1'@pinette noire @ travers son domaine. Une telle variation a
été notée par Morgenstern (1969) a 1'aide de 1'analyse de variance. Nous
verrons lors d'une étude ulté@ricure que cette tendance est beaucoup moins
marquée dans l'est du domaine de 1l'espéce.

L'effet d'origine, indiqué par les coefficients de corrélation,
sur les hauteurs des provenances observ@es en milieux forestiers est beau-
coup plus saccadé. L'altitude seulement a alors une influonce significa-
tive. A Amos, site od prévalent des conditions climatiques et &daphiques
trés sévéres, une corré@lation positive a été trouvde entre la longitude et
la hauteur des provenances, quatre ans aprés la plantation (tableau 2).
Cette relation s'étend aux deux autres variables indépeundantes lorsque
l'accroissement en milieux forestiers seul est considérd. Daas ces condi-
tions sévéres les sources nordiques se sont donc mieux développées que les
sources plus sudistes méme si les provenances n'ont pas encore atteint une
taille suffisante pour subir les froids extrémes de 1'hiver et qu'entre
vraiment en ligne de compte leur différentiel de rusticité. Notons qu'aux
deux sites de climat continental et froid soit Amos et Chibougamau, les
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Tableau 3. Régression multiple par &tape de la hauteur totale et de
l'accroissement annuel des provenances d'@pinette noire sur
les coordonnées géographiques de leur lieu d'origine i la
pépiniére forestiére de Valcartier (X; = latitude,

Xy = longitude, Xy = altitude)
AGE REGRESSION MULTIPLEQ) RZ

A) Hauteur totale

1 an Y= 3.41 -~ .0214X; - .0066X, .62
2 ans = 24.47 - 343Xy T4
3 ans Y= 42.82 - .511X, .50
4 ans Y= 93.13 - 1.144X .49
B) Accroissement annuel
1° saison Y= 3.41 - .0214X; - .0066X, .62
2° saison Y= 20.52 - .300X, .72
3° saison = 20.89 - .268X; + .029X, .20
4° saison = 50.30 = .623Xy - .073X; - .0016X4 .49

a) Les régressions
variable entrée
par plus de 20%

multiples sont celles
contribue & accrofitre
de sa valeur antérieure.

dont la derniére
la valeur de R2

Tableau 4, Régression multiple par &tape de la hauteur totale et de
l'accroissement périodique en milieux forestiers des
provenances d'épinette noire sur les coordonnées g@ographiques
de leur lieu d'origine: X| = latitude, Xy = longitude,

X3 = altitude, Y = centimétre
SITE REGRESSION MULTIPLE2) R?
A) Hauteur totale 3 10 ans
Valcartier Y = 139.2 - ,0152X; + .0017Xy W21
Mont Laurier Y = 143.0 - .0223X] + .0042Xy .58
Lac St-Ignace Y 80.2 - .0072X; + .00077X, .15
Labrieville Y = 90.6 - .0l07X; + .0022X, W22
Amos Y 93.3 - .0145%; + .0043Xy .81
Chibougamau Y = 88.9 - .0112X; + .0024Xy .39
B) Accroissement périodique, 5 d 10 ans
Valcartier Y = 36.29 + .803Xy9 - .0018X3 .05
Mont Laurier Y = 42.75 - 429X + 917X .05
Lac St-Ignace Y = -11.22 + .755X] ~ .194X9 - .0025X5 .30
Labrieville Y = -11.39 + .742X; - .118%Xy + .0018X4 .19
Amos Y =~ 9.14 + .498X; + .0024X4 .25
Chibougamau Y = - 9.72 + .394X) - .0016X; .20
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coefficienrs de corrélation sont de méme signe et amplitude. Cette simili-
(ude des corrélations se présente également aux sites de climat humide et
froid que sont Labrieville et Lac St-Ignace reflétant une certaine stabili-
té dans la réaction des sources face au climat.

Ce phénoméne est moins apparent dans les plans de régression mul-
tiple de la hauteur totale des provenances en milieux forestiers sur les
coordonnées géographiques de leur lieu d'origine (tableau 4). La diminu-
tion de hauteur des provenances avec 1'augmentation de la latitude refldte
encore la réponse des provenances aux conditions environnementales de la
pépiniére. Quinze 3 81 pourcent de la variation en hauteur des provenances
est expliqué par les plans de régression. {Quant au signe positif des
coefficients de régression de la variable longitude, alors que la corréla-
tion avec la hauteur des provenances est négative, il s'explique par sa
colinéarité avec la latitude, (r = .78). Cette aberration pourrait &tre
corrigée par 1l'utilisation de la régression pseudo-orthogonale (Boudoux et
Ung 1978) mais au prix d'une perte de quelque dix pourcent do la variation
cxpliqué.

Les plans de régression multiple obtenus i partir des accroisse-—
ments en milieux forestiers confirment les observations soulignées antérieu-
rement, soit une grande similitude entre les r@sultats obtenus aux sites de
conditions climatiques comparables. Ces plans indiquent de facon générale
un accroissement plus rapide des provenances nordiques dans des sites de
conditions climatiques plus sévéres que celles de la pépinidre (tableau 4).

Probablement dd au choc de transplantation et a la difficulté
d'implantation des semis sur les sites d'expérimentation, les plans do
régression multiple expliquent une faible fraction sculement de la
variation de l'accroissement des provenances soit entre 5 et 30 pourcent.
Notons que les R2 les plus faibles ont &té obtenus sur les sites aux
conditions climatiques comparables 3 celles de la pépiniére et aux condi-
tions édaphiques les moins sévéres. Ceci porte 3 croire que les pentes des
plans de régression obtenus ne sont pas dues exclusivement aux caractéris-
tiques d'adaptation des provenances mais plutdt 3 une relation de cause 3
effet entre l'origine des sources et leur facilité d'implantation sur les
sites. Les sources nordiques, de taille plus petite, auraient subi un choc
de transplantation moins sévére que les sources sudistes de plus forte
taille et ainsi auraient repris une croissance normale plus t6t que les
provenances sudistes. Cette hypothése est appuyée par des corrélations
négatives calculées & la fois entre les hauteurs des provenances au moment
de la plantation et leurs accroissements subséquents ainsi qu'avec leurs
taux de survie a Chibougamau (r = -.37%%), Labrieville (r = ~.45%*) et Amos
(r = =.29%*),

Il semble done qu'il faudra attendre que les plants se soient bicn
installés dans chacun des sites et que 1'effet de plantation ait disparu
avant qu'une interprétation silire des performances démontrées en milieux
forestiers puisse &tre faite et qu'une sélection efficace des meilleures
provenances en fonction des grandes régions de reboisement puisse &tre
effectuée.
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AMELTORATION GENETIQUE DES ARBRES DANS LA MAURICIE
J. Bégin

Compagnie Internationale de Papiern du Canada
Edigice Sun Life
Montréal, Québec
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Mots-clefs: Verger clonal, verger de semis, test de descendance, test de
provenance, pin gris, épinettes, méléze japonais.

NDans la division Saint-Maurice, la recherche en amélioration
génétique s'oriente vers la production hétive d'arbres possédant de bonnes
qualités papetieéres. On s'intéresse surtout aux esseénces indigénes dont 1e
pin gris (Pinus banksiana Lamb.) et 1'épinette noire (Picea mariana (Mil1l.)
BSP) sans pour autant négliger les essences d'avenir comme le méléze japo-
nais (Larix leptolepis Sub. and Zucc. Gord.) et 1'épinette de Norvége
(Picca abies (L.) Karst).

PIN GRIS FET EPINETTE NOIRE

Le gros du travail en amélioration porte sur les essences indi-
génes qui ont déja manifesté leur adaptation a la région. Ime premiére
reconnaissance sur le terrain permet de localiser les régerves de semen-
ciers. Ce sont le plus souvent des peuplements jeunes (20 a 50 ans pour
P. banksiana et 30 & 70 ans pour P. mariana) ou,de facon consistante, pous-
sent des arbres vigoureux et de bhelle venue. Les plus beaux sujets sont
identifiés lors d'une seconde reconnaissance et on récolte,l'hiver venn,
leurs cdnes et leurs greffons.

Un total de 119 tiges de P’. banksiana et 50 de P. mariana ont
ainsi fait 1'objet d'une sélection dite "idéaliste" au cours de 1'année
1980. Les semences obtenues de ces arbres serviront dans un premier temps
a constituer un test de descendance. Parall@lement, on préparera en 1987
des vergers & graines ou seront repiqués les semis-plus produits dans les
gserres de C.I.P. a Harrington. Toutefois, d'ici 3 ce aue ces verpers com-
mencent a fructifier, 1'approvisionnement en semences viendra de peuple-
ments choisis (réserves de semenciers) rehaussant ainsi la qualité des
semis produits.

Parallélement & la localisation et a la récolte du matériel géni-
tigque se planifie 1'installation des différents vergars et tests de degcen-
dance. On compte déja un terrain de 9 ha devant servir de test de descen-
dance. Les autres travaux vraiment tangibles sont axés sur la reproduction
asexuée des arbres-plus.
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Plus de 169 arbres jugés supérieurs ont ainsi été reproduits A

une moyenne de quinze '"exemplaires'" chacun pour former une banque clonale
de 2400 ramets vivants. On se propose de repiguer ces ramets au cours de
1'été prochain pour amorcer 1l'installation d'un verger clonal.

MELEZE JAPONATS

Parmi les essences exotiques susceptibles de reboiser la région
du Saint-Laurent et des Grands Lacs, le méléze japonais (L. leptolepis)
compte parmi les essences les plus prometteuses. Soixante dix-neuf prove-
nances de méléze japonais faisant partie de 1'expérience 428-B-3 ont &té
plantés & Batiscan prés de Trois~Riviéres. Chaque provenance est représen-
tée par un total de cent semis formant dix répétitions. Cette disposition
permettra de convertir le test en un verger a graines une fois les meil-
leures provenances connues.

L'évaluation des 79 lots de semis se Tera surtout d'aprés leur
croissance et leur résistance au froid.

EPINETTE DE NORVEGE

Bien que susceptible aux gelées et au charencgon du pin blanc
(Pissodes strobi (Peck)), 1'épinette de Norvége (Picea abies (L.) Karst)
n'en présente pas moins un bon potentiel comme essence de reboisement. Des
tests ont permis d'isoler les provenances les plus prometteuses.

De concert avec le Service Canadien des Foréts et le Centre Eco-
logique de Harrington, nous établirons 1'an prochain un verger clonal des
meilleures provenances de cette espéce. Ce verger sera situé a Ste-Angéle-
de~-Laval, prés de Trois-Riviéres.

Par ailleurs, poursuivant l'opinion émise par NIENSTAEDT (1945),
nous avons implanté 50 greffons d'épinette de Norvége (P. abies) sur de
jeunes gaulis d'épinette blanche (Picea glauca (Moench) Voss.). L'expé-
rience regroupait cing clones de P. abies (AS 81401 a AS 21405) appartenant
a l'expérience 277-D-1 de la provenance Proulx, Que. (4027). Cet essai
pourrait bien se poursuivre sur une quarantaine d'autres clones si les
résultats s'avérent concluants.
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The New Brunswick Department of Natural Resources has been in-
volved with tree improvement work since the early 1970's. 1In 1974 an
operational tree improvement program was initiated with the Canadian
Forestry Service, Fredericton, providing much of the research and technical
guidance.

The New Brunswick Tree Improvement Council was formed two years
later in order to consolidate the tree improvement efforts of both govern-
ment and industry (Coles 1979).

The reforestation effort of the New Brunswick Department of
Natural Resources includes the outplanting of 30 million seedlings
annually. At present, this involves planting 16 million black spruce, 10
million jack pine, 3 million white spruce, 1 million tamarack. Accord-
ingly, the improvement effort has concentrated on these species. A sum-
mary of this effort follows.

STAND TESTING

To date, 48 promising black spruce (Picea mariana (Mill.) B.S.P.)
and 52 promising jack pine (Pinus banksiana Lamb.) stands have been re-
served. Stand testing has been conducted for most of these stands and
5-year height measurements have been taken. Based on these measurements,

a few of the best ones have been designated as seed collection stands. 5o
far, approximately 50 Kg. of black spruce seed has been collected from
designated stands.

PLUS TREE SELECTION AND BREEDING

To date, 261 black spruce and 301 jack pine have been selected.
Open pollinated families from these selected trees will be used for seed-
ling orchards. Also, 40 white spruce (Picea glauca (Moench) Voss) and 24
tamarack (Larix Laricina (Du Roi) K Koch) superior individuals have been
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selected for use in clonal orchards. Some of the grafted material will
be outplanted in hedges in order to provide sufficient numbers of scions
for all Council members wishing to put in an orchard.

ORCHARD ESTABLISHMENT AND FAMILY TEST

To date, 13 hectares of black spruce, 5 hectares of jack pine,
8 hectares of Ottawa Valley white spruce, and 2 hectares of tamarack
seedling orchard have been outplanted. Corresponding family tests have
been outplanted by the various Council members throughout each species
planting range with the exception of tamarack for which no family testing
was conducted. Plans for 1981 incliude outplanting of an additional 4
hectares of black spruce and 3.5 hectares of jack pine seedling orchard.

Forty (40) hectares have been reserved for white spruce and

tamarack clonal orchard. Outplanting will begin in 1982 with a small area
of 1 to 2 hectares.
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Larix.

It is estimated that almost 100 million trees will be plantedl
annually in the Maritimes by 1987. An opportunity exists to substantially
increase forest growth in the Region by utilizing genetically superior
seeds and seedlings in these reforestation programs. The objectives of
the tree breeding work at the Maritimes Forest Research Centre (MFRC) are
to determine the amount of genetic improvement attainable within promising
tree genera and to provide resource managers of the Region with the
information and breeding materials required to obtain a realistic genet ie
improvement .

HYBRIDIZATION TN PICEA AND LARIX

interspecific crossing work was continued in 1979 and 1980. 1In
1979, a total of 268 tree x pollen coambinations was attempted using white
spruce (Picea glauca (Moench) Voss.) black spruce (P. mariana (Mill.)
B.S.P.) red spruce (P. rubens Sarg.) and Norway spruce (P. abies (L.)
Karst.) as female parents for crosses with whiie, black, " Sitka (P.
sitchensis (Bong.) Carr.), Brewer (P. breweriana S. WatS ), Taiwan (.
morrisonicola Hayata), and Wilson spruce (P. wilsonii Mast.). The hybrid
Serbian spruce (P. omorika (Pancic) Purkyne) x black spruce was back-
crossed to both Bzfents. Of the crosses attempted, 118 were white x Sitks
and yielded almost 40,000 full seeds. The cross black x Sitka which was
first made successfully in 1974 was again successful in 20 of 24 attempts.
Aside from the backcrosses of the Serbian x black spruce hybrid which were
highly successful, the other crosses yielded only a few seedlings which as
yet have not been verified as hybrids.

In 1980, 163 tree x pollen com:inations were atiempted usiag
white, black, red, Norway, and blue spruce (P. pungens Engelm.) as female
parents for crosses with black, Sitka, Taiwdgj-gfﬁe, and Oriental spruce
(P. orientalis (L.) Link). The hybrid Serbian x black was crossed with
Sitka and again backcrossed to black spruce. 1In addition, two 5-tree




194

diallels of black spruce were successfully completed in cooperation with
University of New Brunswick graduate student T.J. Mullin. The white x
Sitka crosses were again highly successful; 11 of the 14 black x Sitka
crosses yielded viable seeds and all 18 crosses of (Serbian x black) x
Sitka produced a few viable seceds.

During 1979 and 1980 work on vegetative propagation of selected
hybrid spruces was continued with emphasis on the white x Sitka and bilack
x Sitka hybrids. The first clonal field tests of these hybrids were
planted in 1980.

Thirty selected Japanese larch (Larix leptolepis (Seib. and
Zucc.) Gord.) were used as pollen parents in crosses with up to nine
tester females. These materials are being used for progeny testing.

SPECIES AND PROVENANCE TRIALS

The objective of this work is to improve forest growth in the
Maritimes by determining the best adapted and productive species and the
best provenance within these species for use in various locations in the
Region.

A publication on provenances of Norway spruce based on evalua-
tion of 10 provenance experiments planted in the Maritimes between 1961
and 1972 was completed. Norway spruce from eastern Poland and from mid-
elevations in the Sudeten and Carpathian Mountains of southern Poland per—
form well when planted over a wide range of sites in central and southern
New Brunswick, Prince Edward Tsland, and Nova Scotia. Provenances fronm
east of the Baltic Sea, i.e., northeastern Poland, Latvia, Lithuania,
western Russia, and White Russia are recommended for use in northern New
Brunswick.

In the late summer of 1979, 5-year height and survival were re-
corded for the cooperative range~wide black spruce provenance trial. This
trial is planted in 10 locations in the Maritimes with 50-100 provenances
represented at each location. Preliminary evaluation of the data suggests
that "best” provenances for the Maritimes can be found between latitudes
45°~47°N over a wide range of longitude extending from the east coast well
into the Lake States.

POPULATION STUDIES

In 1979, all the work on population structure was consolidated
under this study. Major constituent experiments include five white spruce
population structure studies; as well as other inbreeding studies and
progeny tests with black spruce and tamarack (Larix laricina (Du Roi) K.
Koch.). The objectives of these studies are to determine average degree
of inbreeding in the natural populations of the respective species and its




cffects on both quantitative and qualitative traits, and to provide
assistance in development of tree improvement strategies.

A progeny test in black spruce designed to provide genetic
parameters of unimproved plantations has been started. Am objective of
this study is to explore the possibility of counverting young plantations
to seed collection areas to be used until genetically improved seeds are
available from seed orchards. This test includes 100 families from
plantation—-grown trees and 30 families from natural populations, and is
field planted in three locations in New Brunswick.

Population studies of tamarack received major emphasis in 1980
in accordance with increased interest in the species among industry and
trce breeders. A neighborhood inbreeding study of tamarack by means of
four—-subpopulation disconnected diailel crosses including selfs and
disconnected factorial crosses has been analysed for percent sound seed,
survival, greenhouse height, and nursery height and a manuscript was
prepared. Estimates of relationship coefficient among near—neighbor
(radius 22 m), mid-distance (59 m), and long-distance (135 m) trees were
found to be 0.256, 0.226, and 0.112, respectively. Self pollination
resulted in a significant reduction in seed set. Estimates of lethal
equivalents for the selfed trees ranged from 3.0 to 19.3 with an average
number of 10.8. Relatively large specific combining ability variances
were obtained for early seedling heights, however, interpretation and
application of the variance components were not clear because of the
degree of relatedness among neighboring trees.

An open pollinated progeny test of tamarack from three local
populations has been established in four locations in the Maritimes
Region. This test inveolved 48 open-pollinated families and, at each
location, four replicates of four—-tree plots were field planted.

The materials for a clonal progeny test of tamarack for the 1981
field season are being propagated. This work involved production of first
stage rooted cuttings from 30 seed propagated families. Within each
family, 10 trees were selected, amounting to a total of 300 clones. Up to
nine cuttings per clone were produced through juvenile cuttings technique.
Eighty rooted cuttings per clone were produced from the first stage rooted
cuttings, amounting to a total of 24,000 rooted cuttings fur the
experiment. The rooting success was satisfactory, but refinement of the
juvenile cutting technique for mass production of material would prove
useful, especially because the percentage of sound seed in the species huds
been very low.

TECHNICAL ASSISTANCE PROGRAM

Operational tree improvement in the Maritimes Region is
progressing rapidiy with technical assistance being provided to all three
provinces by the Maritimes Forest Research Centre.
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Prince Fdward Island has recently completed a large greenhouse -
headerhouse complex, part of which is being used for tree improvement.
The province has begun a program of selection in black spruce and tamarack
and expects to expand to other species in the near future. In 1980, the
Department of Forestry outplanted a 3 ha seedling seed orchard of black
spruce from New Brunswick sources and this will be expanded with Prince
Edward Island and New Brunswick sources in 1982.

The cooperative tree improvement program in Nova Scotia is
working with white, red, black, and Norway spruce, and white pine (Pinus
strobus L.) and will be reported separately.

The New Brunswick Tree Improvement Council's cooperative program
with industry and government is continuing to concentrate on black and
white spruce, jack pine (Pinus banksiana Lamb.) and tamarack. The black
spruce improvement program has selected approximately 450 plus trees to
date, most of which have been established in seediing sced orchards and
family tests by the cooperators. About 40 ha of black spruce orchard has
been established by five cooperators since 1979 and these will be expanded
in subsequent years. The one small orchard established in 1978 is doing
extremely well and we expect to have some flowers next year.

The jack pine program in New Brunswick was stalled during 1980
but the two orchards established in 1979 will be expanded in 1981 with
seedlings from 105 additional selected families. The Council recently
reported the results of S-year measurements on our first jack pine stand
test. Five stands have been designated as seed collection areas.

The white spruce and tamarack programs are expanding. It has
been difficult to produce sufficient ramets to establish clonal crchards.
Because of this, MFRC and New Brunswick Department of Natural Resources
have established hedges to be managed for scion production and hopefully,
these will produce enough material to satisfy the orchard demand.

APPLIED TREE IMPROVEMENT PROBLEMS

Many small, but important development problems arise in
conjunction with the initiation and implementation of applied tree
improvement programs. Studies have been initiated to detcrmine the eifect
of ditferent thinning and fertilizer regimes upon flower production in
young plantations of white and black spruce. White spruce and tamarack
cone development has been monitored over the past two growing seasons in
an attempt to obtain maturity indices for use in extending their effective
collection periods. Preliminary work has been done on establishing a
damage appraisal system for cone and seed insects. Finally, the cone/seed
storage and handling techniques currently used in the Region are being
studied to determine if the full potential of the crops is being realized.
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TISSUE AND ORGAN CULTURE
1) In Vitro Vegetative Propagation of Mature Conifers

Small, adventitious embryo- and shoot-like structures have been
produced in bud cultures of several conifers. Their formation is
stimulated by cold storage and pretreatments with EDTA and malonic acid.
(Bonga 1980, 1981). So far none of the adventitious structures have
developed into normal plants.

2) The Production of Homozygous Haploid Plants from Halploid Tissue
Cultures of Conifers

Male and female gametophytes readily form callus in vitro. The
callus of female gametophyte origin is completely haploid and remaiuns so
through many subcultures over several years. The callus from male
gametophytes on the other hand is composed of haploid, dipleid, triploeid,
and aneuploid cells. The non-hapioid cells may have arisen from
bi-or-tri-nucleate cells in the pollen or pollen tubes in which the nuclei
have fused. If so, then the dipioid cells in the callus would be
homozygous diploid and, theoretically, these cells could serve as the
source for the production of homozygous diploid plants. To determine the
origin of the non-haploid cells, new karyological techniques are required.
Some progress has been made in that direction (Bonga 1978, 1979) and
efforts to perfect the techniques are in progress.
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UPDATE OF TREE IMPROVEMENT AT FRASER INC,.
EDMUNDSTON, NEW BRUNSWICK

M.A. Mubareka, R.P.F.
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Woodlands Department
Edmundston, New Brunswick
E3V 1S9
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Fraser's tree improvement program has been directed to gradually
obtaining improved stock to plant 14 million seedlings annually. Also,
to fulfill Fraser's commitment as a member of the N.B. Tree Improvement
Council, Fraser's objective is to supply the nursery with improved seced
by the year 2000. Since late 1976, Fraser Inc. have been participating
in the Council's recommended program to select and test black spruce
(Picea mariana (Mill.) B.S.P.), White Spruce (Picea glauca (Moench) Voss)
and tamarack (Larix lariciana (Du Roi) K. Koch).

The following report contains an update of Fraser's activities
in the tree improvement field since it started in 1976/77. Activities are
herein reported for the first time to the Canadian Tree Improvement Asso-
ciation:

PLUS TREE SELECTION

To date, six (6) tamarack plus trees have been selected. Scions
from two (2) tamaracks were collected and grafted at Acadia Forest Ex-
periment Station near Fredericton. A total of fifty (50) white spruce
plus trees were selected. Scions from forty (40) of these were grafted at
Acadia. Also, a total of 169 black spruce plus trees were selected.
Cones were collected from 143 of these. Twenty four (24) plus trees are
banked for future selections. Two (2) plus trees were cancelled due to
cone damage. Seed from black spruce plus trees have been used within the
N. B. Tree Improvement program for seedling seed orchard and family test
establishments since 1978.

BLACK SPRUCE SUPERIOR STAND SELECTION

In 1977, two high quality black spruce stands were located and
used for stand tests in the 1978 N.B.T.I.C. programs.

GRAFTING OF WHITE SPRUCE SCIONS

In 1979, scions from 27 white spruce plus trees were grafted by
Fraser employees. Sixty per cent (60%) of the grafts survived the first
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growing season. In 1980, scions from thirteen (13) white spruce plus
trees were grafted by Fraser employees. Survival rate was 40.47.

BLACK SPRUCE SEEDLING SERD ORCHARD ESTABLISHMENT

In 1978, a 3.8 ha site near Fraser's Forest Tree Nursery at
Second Falls, N. B. was laid out and planted with seedlings from 77 plus
trees selected in 1977. A total of 14,000 seedlings were planted.

Late in 1978, a new site near Plaster Rock, N. B. was selected
to establish further seed orchard plantings. The site contained 20 ha of
prime agricultural land.

In 1979, four (4) ha were planted with seedlings from 158
families selected throughout New Brunswick. A total of 18,000 seedlings
were planted. 1In 1980, an additional 3.8 ha was planted with 16,700
seedlings representing 136 plus trees selected in 1979 throughout New
Brunswick. During 1979 and 1980, the seed orchard sites were kept in well
maintained condition.

BLACK SPRUCE FAMILY TEST ESTABLISHMENT

In 1978, three (3) black spruce family tests were established
in Green River, Kedgwick and Plaster Rock areas. The tests represented
76 families planted at the Second Falls seedling seed orchard. Each
test site included 1.22 ha to contain 3,040 seedlings.

In 1979, two (2) black spruce family tests were established. The
tests were located in Plaster Rock and Green River areas. Each test re-
presented 136 families, planted with 5,440 seedlings on 3.0 ha.

In 1980, two black spruce family tests were established in ad-
ditional locations on Fraser limits. The Plaster Rock family test in-
cluded 125 families (4,800 seedlings on 2.5 ha) and the Green River test
site was established on 2.5 ha, representing 112 families (4,480 seed-
lings). Test sites varied in condition and locations to cover a variety
of typical planting sites on Fraser limits.

STAND TESTS

Two (2) stand tests were established in 1978. The Green River
stand test contained 3,440 black spruce seedlings, representing 43 stands,
on a 1.42 ha site. The Plaster Rock stand test site contained 3,440 jack
pine seedlings representing 44 stands on a 1.42 ha site. Both tests
suffered 207 to 25% mortality due to drought. Dead seedlings could not
be replaced.

OTHER PROJECTS

Approximately 1,800 white spruce seedlings were repotted late
1980 to be used as root stock in a 1982 white spruce grafting program.
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1981 TREE IMPROVEMENT PROGRESS REPORT
J.D. IRVING, LIMITED, NEW BRUNSWICH, CANADA

Ronald G. Wasser

Sussex Trhee Nwisery
Sussex, New Brunswick
EOE 1P0

This report covers the initiation of a genetic tree improvement
program and other research activities during the period 1979 - 1981. It
describes the annual reforestation effort for company lands and species
selected for tree improvement activities. It also describes the acquisi-
tion and development of a clonal orchard site, greenhouse propagation,
cooperative efforts with the Canadian Forestry Service at Fredericton,
the New Brunswick Tree Improvement Council and other associated research
projects. The overall objective of all activities is to develop opera-
tional company seed orchards and related breeding strategies for the
production of genetically superior reforestation nursery stock.

REFORESTATION

During the past 25 years, more than 130 million seedlings have
been successfully planted in forest plantations on Irving lands in
New Brunswick. At the present time approximately 15 million seedlings
are produced annually at our nurseries and outplanted on site-—prepared
areas. Site preparation measures are varied depending upon the harvest-
ing residues and topography but do include tractor-drawn rollers (chop-
pers), crushing machines, bulldozing, V plows and burning. Plantations
are established at a density of about 900 seedlings per acre and all
planting to date is done by hand.

The major species grown in the nurseries and outplanted on
company lands are black spruce (32%), white spruce (32%), jack pine (28%)
and tamarack (8%). Other species such as exotic larches, red pine,
Norway spruce, red spruce and miscellaneous hardwoods are also produced
and outplanted on a very small scale on selected sites.

Commercial seed collections are made annually based upon the
need by species. Since J. D. Irving, Limited has older spruce planta-

tions of known origin, cone collections occur here. Collections are
made from only the most vigorous and best phenotypes in an effort to
improve the genetic quality somewhat through mass seclections. The

collections of jack pine and tamarack are made from natural stands with
emphasis on vigor and quality. Collections from plantations involve
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ladders, while pine and tamarack trecs are usually felled for collection.
Some seed is also collected on a contract basis for sale or exchange with
cooperating agencies.

GENETIC IMPROVEMENT

Prior to the initiation of a seed orchard program, plans were
activated for the genetic improvement of seed needed for nursery pro-
duction. Collections were made from only the best phenotypes within a
plantation of known origin or from natural stands. 1In addition, stands
were marked and heavily thinned for the establishment of seed production
areas. Seed production areas now exist for black spruce, white spruce,
jack pine, tamarack and red pine.

For maximum genetic gain, a genetic tree improvement was planned
and initiated in the late 1970's. The four species selected were those
of major importance in reforestation activities and superior tree
searches began. During 1980, a total of 44 superior trees were located
and accepted for the four species involved. These trees were grafted
during March 1981 in a company greenhouse at the Sussex Nursery for
eventual orchard establishment. A total of 1,500 grafts were made.
However, additional superior tree searches and propagation will continue
until a minimum of 100 selections per species are located.

A clonal orchard site was located during 1980. This forested
site is presently being harvested and land cleared, with anticipation of
beginning orchard establishment in 1982. A total of 250 acres of clonal
orchard is planned for the species involved. The orchard site is about
400 acres in size to permit adequate pollen isolation, and soils are
sandy loam for access year round. The area is nearly level and has good
cold air drainage. In addition, a small breeding orchard (clonal bank)

is being sought at another location. This orchard will be wused to
preserve all clones used in the production orchard and to complete the
controlled pollination work needed for progeny testing. Additional

testing will also be possible at this site.

J. D. Irving, Limited is an active member of the New Brunswick
Tree Improvement Council and participates in the establishment of co-
operative family tests and seedling seed orchards involving all partici-
pants. Company plantations are also used for research efforts with the
Canadian Forestry Service and University of New Brunswick. CFS and NBTIC
have provided good recommendations and assistance in the initiation of
the Irving program.

Cooperative efforts have also begun with the USFS-NEFES in the
establishment of a loblolly x pitch pine hybrid outplanting on Irving
lands in Southern New Brunswick. These efforts, in addition to working
with other companies and Government agencies on superior tree exchanges,
selections for budworm resistance, preservation of outstanding genotypes
of miscellaneous species, etc. increase the progress made for genetic
improvement. However, genetic improvement is only one phase of intensive
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forest management. This, accompanied with protection from fire, insects
and disecase, weeding with herbicides to reduce competition and thinning,
will maximize growth and final harvest from our New Brunswick forests.
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FOREST GENETICS, TREE IMPROVEMENT, AND RELATED WORK AT THE
UNIVERSITY OF NEW BRUNSWICK 1979-1981

G.R. Powell and E.K. Morgenstern

University of New Brunswick
Deparntment of Forest Resources
Fredericton, New Brunswick
E3B 5A3

With the advent of rapidly expanding reforestation programs and
the formation of cooperative, industry/government tree-improvement organ-
izations 1in the Atlantic Provinces, the profile of work in forest genetics,
tree improvement, and seed production has been significantly raised at the
University of New Brunswick, This, and the establishment of an industry-~
sponsored Chair in Forest Tree Improvement, has affected teaching and pro-
Jects at the undergraduate level, and research by graduate students and
faculty. The following is a summary of the activity in these areas during
the period May 1979 to April 1981.

THE CHAIR IN FOREST TREE IMPROVEMENT

During 1979 nine forest-based industries in New Brunswick agreed
to fund for five years a Chair in TForest Tree Improvement in the Department
of Forest Resources of the University of New Brunswick. BE.K. Morgenstern
was appointed to this position and took up his duties 1 January 1981. Re-
search projects are being developed in close liaison with the sponsoring
agencies, personnel of the Maritimes Forest Research Centre, the New
Brunswick Department of Natural Resources, and other faculty members. A
program of graduate courses in forest genetics and tree improvement has
been developed in cooperation with D.P., Fowler, Y.S3. Park and J.F¥. Coles,
who are Honorary Research Associates of the University. It is anticipated
that graduate studies to the Ph.D. level will be added to those at the
M.8¢.F. and M.F. level in the near future.

UNDERGRADUATE COURSES AND PROJECTS

All students in the Department of Forest Resources are exposed,
in the second year of the B.Sc.F. program, to some of the principles upon
which tree improvement is based. This is through a course 'Tree Develop-
ment and Variation' given by G.R. Powell. In the third year, students
whose area of concentration is Tree Biology take a 'Genetics' course in the
Department of Biology. All students receive some exposure to tree lumprove-
ment in Silviculture courses in their fourth year. In each of the past two
years, 10 senilor students have enrolled in G.R. Powell's course on 'Tree
Development in Relation to Reproduction'. In that course, details of the
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full cycle of seed production for the six Canadian genera of the Pinaceae
are dealt with and the topics of cone analysis, seed quality and seed germ-
ination are explored through a class project. In 1979, 13 senior students
took a 'Forest Geneties' course from C.M. Harrison, who held a two-year
appointment in the Department (and who acquired his Ph.D. in Forest
Genetics from the University of ITdaho in 1980). In the past academic year
E.K. Morgenstern taught a Forest Geneties course to 1l senior students.

Undergraduate students are required to write a thesis or report
in their final year. In the past two years, 12 students have worked on
topics related to tree improvement. Some topics arose from the students'
summer work, and some students developed their own projects, while others
developed topics from the literature.

Several students have made use of germinators or growth chambers
in working with seeds or seedlings. Frame (1980) found that seven Ontario
sources of Picea glauca (Moench) Voss seed germinated better than seven
Nova Scotia sources. All seed sources benefited from stratification, but
stratification for 21 days was as good as stratification for L42 days. In
assessing maturity of seed on six P. glauca trees growing in northern Nova
Scotia, Oxenham (1981) found that the numbers of full seeds per cone in-
creased between 3 and 10 August but then varied 1little through to the final
collection 14 September. Seeds extracted immediately after cone collection
germinated better than those extracted after the cones had been subjected
to cold-air or shack-air storage. BStratification of the seeds for 21 days
increased rate of germination but not percentage germination. FEddy (1980)
found that heavier seeds from individual trees of black spruce (Picea
mariana [Mill.] B.S.P.) and Scots pine (Pinus sylvestris L.) produced seed-
lings, at four harvest dates up to 72 days, with longer hypocotyls, a
greater number of cotyledons and a greater dry-root mass. Seedlings of P.
mariana from two lowland and two upland sites in the Thunder Bay area of
Ontario were grown for ten weeks on peat and on sand by Trueland (1980).
Seedlings of one of the lowland sites grew considerably better on peat,
and somewhat poorer on sand than did those of the other sites. The small
sample and differences in seed weight, however, call for a cautious inter-
pretation of these results.

Mifflin (1981), after working for D.P. Fowler (Maritimes Forest
Research Centre), wrote on hybridization between P. mariana and Picea
sitchensis (Bong.) Carr. She showed that first-year seedlings of the hy-
brid were intermediate between those of the parents in number of cotyledons
and in height growth. However, the hybrid showed heterosis for height
growth in the statistical sense because it exceeded the mid-parent value.

According to data of D.P. Fowler, the seed yield per cone of
Larix laricina (Du Roi) K. Koch in New Brunswick in 1979 was abnormally
low. Patch (1980), using Eriksson's (1970) hypothesis, showed that ab-
normally warm temperatures in late January 1979, followed by very low temp-
eratures in mid February, could have been responsible for the low seed setl.

Stewart (1980) investigated crown development and cone bearing
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in a series of ages of young Pinus banksiana Lamb, trees. He found that
initial seed~cone production occurred two years after planting, whereas
initial pollen-cone production occurred four years after planting. Cone
production generally increased with age and had no apparent detrimental
effect on vigor of shoot growth or numbers of branches.,

The specific gravity of the wood of dises from different levels
in the stem, and of discs and cores from breast height, of 20 P. glauca
trees was investigated by Caron (1980). He determined that, in comparison
with breast-height discs, cores underestimated specific gravity by 3%, and
that the specific gravity of the whole tree could be estimated from two
cores at breast height with a coefficient of determination of 0.7h. In a
study of the specific gravity of 180 comparison and plus trees of P. glauca
and Picea rubens Sarg. from Nova Scotia, Birkett (1980) found that nearly
half of the plus trees exceeded the mean values of the pair of comparison
trees. There was also a difference in specific gravity among seed zones
in P. rubens but not in P. glauca which had fewer samples.

Survival and height growth at five years of stock produced from
25 New Brunswick populations of P. banksiana and planted at five sites in
the Province were examined by Cherry (1981). Significant differences in
performance were apparent and preliminary recommendations were made regard-
ing use of seed from the parent stands.

Ideas for a tree improvement program for Newfoundland were devel-—
oped by Kelly (1980), and Stocker (1981) wrote on the use of genetics in
controlling the spruce budworm (Choristoneuras fumiferana [Clem.]), e.g. by
changing chromosomes through radiation.

SEED AND CONE PRODUCTION BY YOUNG BLACK SPRUCE

An intensive study of the intrinsic patterns and morphogenesis of
the cone and seed production processes in young black spruce trees was be-
gun by G.R. Powell in 1980. The aims of the study, which relate to the use
of seedling seed orchards and to stimulation of cone production, are to de-
termine 1. the nature of the bulild-up of numbers of seed cones and pollen

cones borne as plantation-grown trees progress through their
first 13 years;

2. the nature of within-crown patterns of production of seed cones
and pollen cones, and the relationships between these patterns
and those of vegetative development;

3. the precise phenology and morphogenesis of buds, cones and
seeds;

4. the effects of variations in site on cone production; and

5. the effects of quantity of cone bearing in one year on that of
the subsequent year.

The study has largely been funded through the New Brunswick Tree
Improvement. Council. A graduate student, Guy E. Caron, received a Brad-
field Graduate Fellowship from Noranda, through Fraser Inc., specifically
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to work on this project. Most of the field work is being conducted in
plantations betwecn 4 and 13 years of age located on J.D. Irving lands in
northwestern New Brunswick. The Irving company is also providing much on-
site assistance.

The older plantations being used bore cones heavily in 1980 and a
large quantity of data was acquired and more data will be gathered in 1981
when a poorer cone crop is anticipated. Preliminary analyses of the 1980
data have shown that by 6 years from planting, about 60% of the trees bore
seed cones, but only 21% bore pollen cones. Corresponding percentages at 8
yvears from planting were 93 and 60. At 10 years from planting, over 90% of
the trees bore both seed cones and pollen cones. The proportion of the
crown which bore cones increased with age of the tree. At 6 years from
planting, cones were borne only on the upper two ages of branches whereas
by 12 years from planting, seed cones were borne on the upper three ages of
branches and pollen cones on the upper nine ages of branches. The numbers
of seed cones borne per tree increased substantially between ages 6 and 8
years from planting, and then rose slowly. The numbers of pollen cones per
tree were low for trees of both 6 and 8 years from planting and then in-
creased greatly.

Pollen-cone and seed-cone buds burst about 2 weeks before veg-
etative buds. Pollen-cone growth was rapid and culminated with pollen
shedding about 2 weeks after pollen-cone buds had burst. By that time seed
cones were fully receptive. Seed-cone closure occurred within about 9 days
from full receptivity and was followed immediately by seed-cone inversion.
Seed cones reached their full size by early August, about 8 weeks after
pollination. At that time shoot elongation had been completed and buds
were growing rapidly. Samples of buds and cones at all stages of develop-
ment were collected for laboratory analyses.

Young plantations of black spruce in northwestern, northeastern
and central New Brunswick were used in a study by another graduate student,
J. Dale Simpson, of some effects of site features on cone production
(Simpson 1981). A total of 300 trees was examined and it was determined
that a greater proportion of trees growing on south aspects produced pollen
cones and seed cones than trees growing on north aspects. Trees on south
aspects (and level sites) produced 2 to 5 times more pollen cones and seed
cones than trees on north aspects. The number of seed cones was most sig-
nigicantly correlated with tree height, and the number of pollen cones was
significantly correlated with the number of seed cones. This study, thus,
provided quantitative information to substantiate the recommendation that
seedling seed orchards of black spruce be located on southerly sloping
sites. On the basis of a literature review, Simpson (198l) also made rec-
ommendations for management techniques for seed orchards in New Brunswick.

GENOTYPE X NITROGEN INTERACTIONS IN BLACK SPRUCE SEEDLINGS

A third graduate student, T.J. Mullin (of the Nova Scotia Depart-
ment of Lands and Forests), is undertaking a greenhouse study of the geno-



208

type x nitropen interactions during the Tirst 25 weeks of growth of seed-
lings of 40 full-sib families of black spruce. The seeds were sown in Jan-
uary 1981. The objective is to investigate variation in the inherited
capacity of black spruce seedlings to take up and use nitrogen.

FUTURE OUTLOOK

Teaching and research are the traditional roles of the university,
and as a result of the recent advent of undergraduate teaching in forest
genetics, much remains to be done to strengthen this part of the program.
Teaching must be interesting to the student, stimulate creativity, and be
broadly based to illustrate the complex interrelationships in biological
systems. At UNB, we have a chance to reach this goal through interdiscip-
linary work among faculty and through partiecipation of research assoclates
who have developed many experiments that illustrate important principles.

Research, too, will be cooperative to a large extent. The New
Brunswick Tree Improvement Council and Nova Scotia Tree Improvement Working
Group will offer opportunities for a variety of studies while providing
training opportunities for students at the same time. During the next few
years an increasing number of provenance experiments, progeny tests, and
other trials will require measurement, analysis, and interpretation. These
experiments are primarily concerned with Picea mariana, P. glauca, Pinus
banksiana, Pinus resinosa Ait, Pinus strobus L., and Larix laricina, with
some variation in the order of importance from one province to the next.
Broad-leaved species (for example, those in the genus Betula) are only of
local importance but will receive attention. More consultation with the
individual companies and cooperative agencies will lead to definite plans
in the near future.
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SITE SELECTION FOR BLACK SPRUCE (PICEA MARIANA (MILL,)
B,S.P.) SEEDLING SEED ORCHARDS AND MANAGEMENT TECHNIQUES
FOR SEED ORCHARDS IN NEW BRUNSWICK
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The following is an abstract of a report submitted for the M.F.
degree at the University of New Brunswick, April, 1981.

Seed orchards are important for the production of quality seed
for reforestation. To ensure maximum seed yield, orchards must be located
on sites conducive to seed production and wmust be intensively managed.

The objective of this study was to make recommendations on site selection

for seedling seed orchards of black spruce and to review, on the basis of

the available literature, seed orchard management techniques applicable in
New Brunswick.

Ten plantations of black spruce of four ages were selected and a
total of 300 trees were examined to elucidate the influence of site, tree
age, and height on strobilus production on young trees. Trees growing on
south-sloping sites produced two and one-half times more female and five
times more male strobili than trees growing on north-sloping sites.
Strobilus production on trees growing on south-sloping sites was also
greater than that on trees growing on level sites. Number of female
strobili was most significantly correlated with tree height. Number of
male strobili was significantly correlated with number of female strobili.
It is recommended that seed orchards be established on southeast through
southwest-sloping sites or level sites with sandy loam or loamy sand
soil.

The literature review of seed orchard management techniques
revealed that the two types of seed ovchards (seedling and clonal) should
be treated differently. Generally, however, sites should be thoroughly
prepared before orchard establishment, competing vegetation must be
controlled at all times, and fertilizer may be applied to maintain and/or
enhance tree growth and development and increase strobilus production.
Irrigation may also be beneficial to tree growth and strobilus production.
Seed orchards must be constantly monitored for and protected against
insects, diseases, mammals, birds, and fires. Cone collection crews must
be properly trained so as to minimize damage to the trees.
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THE TREE IMPROVEMENT WORKING GROUP IN NOVA SCOTIA
-- A FIRST REPORT

T.J. Mullin

Tree Breeding Centre
Department of Lands and Forests
Debent, Nova Scotia
BOM 1G0

Key Words: government-industry cooperation, selection, seed orchards,
grafting, genotype~nitrogen interaction.

This is the first formal report to the C.T.I.A. by a representa-
tive of the Nova Scotia Tree Improvement Working Group (TIWG). The time
period covered is somewhat longer than usual, as an attempt has been made
to provide an historical account of the development of tree improvement in
Nova Scotia, and the formation of the TIWG program. Progress in plus-tree
selection and seed orchard establishment is described.

HISTORICAL
The Farly Days

The early work in tree improvement in Nova Scotia, and indeed all
of the Maritime Provinces, was done primarily by the Canadian Forestry
Service. Of particular note is the work of Dr. H.G. MacGillivray (retired)
and Dr. D.P. Fowler, both of the Maritimes Forest Research Centre who es-—
tablished field tests of several species and provenances over much of the
Maritimes. They were also responsible for the first delineation of seced
zones and rules for seed transfer in the Maritimes (Fowler and
MacGillivray 1967).

Interest in tree improvement within the province itself increased
markedly in the early '70s as reforestation efforts were expanded to meet
fibre requirements. Initial efforts focused on identification of high
quality seed sources. Contracts were arranged to locate "superior" stands
which could be reserved for seed collections (Sidhu 1972, Bailey 1973).

By the mid-70s, reforestation efforts had gained a higher prior-—
ity, and both government and industry became interested in plus-tree selec—
tion and seed orchard establishment. A report on the potential of tree
breeding in Nova Scotia determined that an applied tree improvement program
was economically attractive, and could greatly enhance the productivity of
planted stands (Mullin 1976). However, it was pointed out that a breeding
program would not likely be productive unless it was carried out as a co-
operative project among several agencies.
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The TIWNG Is Formed

The idea of a cooperative tree improvement effort was not new,
and appealed Lo the larger agencies who came together in April of 1977 to
form the Tree Improvement Working Group. Membership in the TIWG is as
follows:

Bowater Mersey Paper Company Limited

Nova Scotia Forest Industries

Scott Paper International, Inc.

Nova Scotia Department of Lands and Forests (NSLF)

Canadian Forestry Service (Maritimes Forest Research Centre)

With the exception of the CFS, all members participate in the
operational aspects of the program: selection, seed orchard management,
testing, etc. Planning and coordination of the overall program is carried
out by the Tree Breeding Section of the Department of Lands and Forests,
working closely with technical advisors and research scientists at the
Maritimes Forest Research Centre.

During the first year of the TIWG program, members participated
on a completely informal basis, becoming familiar with breeding methods and
developing ideas for a cooperative improvement strategy. Late in 1977, the
Management Committee of the TIWG assembled a five~year work plan which spell-
ed out performance targets for each agency (TIWG 1977). The allocation of
workload (and benefits) was proportioned according to the nursery production
targets of each agency. High-level officials then exchanged letters of
commitment to the five-year plan. '

PROGRESS TO DATE
Selection

Since the TIWG was formed, over 650 plus~trees have been selected
for inclusion in the program. Emphasis was placed on selection of white
spruce (Picea glauca (Moench) Voss), black spruce (Picea mariana (Mill.)
B.S.P.), and red spruce (Picea aubens Sarg.), as these make up the majority
of nursery stock planted in the province. However, plus-trees have also
been selected in white pine (Pinus strobus L.), jack pine (Plnws banksiana
Lamb.), and Norway spruce (Picea abies (L.) Karst.).

Selection is performed using a comparison tree method based on
the North Carolina State University system, with slightly different criteria
used for each species. All selected candidates are inspected by Tree Breed-
ing Section staff before being approved for breeding work. Black spruce and
jack pine plus-trees are felled and seed collected for development of seed-
ling seed orchards. Scions from red, white, and Norway spruce, and white
pine are grafted for establishment in clonal seed orchards.

Seed Orchards

A small (1.6 hectares) red spruce orchard was established in 1977
by the Department of Lands and Forests in Lawrencetown, Annapolis Co., as a
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result of early selection and grafting efforts. Since the formation of the
TIWG, an additional 4.7 hectares of grafted orchard (3750 ramets) have been
cstablished utl three locations. Scions are collected from plus—trees by
climbing crcws employed by the industrial members. Grafting is done by
Tree Breeding Section staff, who tend the seedlings until ready for ship-
ment to orchard sites. Over 6000 ramets are currently being held in trans—
plant beds at the Tree Breeding Centre in Debert. A clone bank containing
over 700 vramets has also been established to produce additional scion
material and to facilitate controlled pollination work.

Grafted orchards are planted at 5 x 2.5 m spacing, anticipating
removal of 50% of the trees through mortality and roguing as a result of
progeny testing. The orchard design is based on the permutated neighbour-
hood concept, using a computer program adapted from Bell and Fletcher (1978).
Output from the program was modified somewhat to simplify packing procedures
in the nursery and identification of planting locations in the field.

A 3.6 hectare seedling seed orchard was established in 1978 using
white spruce seed collections from the Ottawa Valley. Preliminary test rc-
sults indicate that these sources may have significant potential in this
region (Fowler and Coles 1977). Seed collections have been made for two
black spruce seedling seed orchards and associated family tests to be es-
tablished in the spring of 1982. One of these orchards will produce seed
intended for use on the Highlands of Cape Breton. The second orchard will
serve the remainder of the province, and will be established from selected
trees in Nova Scotia and southern New Brunswick.

Virtually every member of the TIWG has experienced difficulties
in locating seed orchard sites. Large areas with suitable soils, topo-
graphy, access and climate are extremely rare on freehold and leased lands.
This has led some members to negotiate purchases of land in the Annapolis
Valley of Nova Scotia which is considered to have climate and soils highly
suited 1o seed production (Coles 1980).

Test Plantations

Since 1977, members of the TIWG have outplanted over 20 hectares
of test plantations. These include tests of black spruce stands in Nova
Scotia and New Brunswick, white spruce from Nova Scotia and the Ottawa
Valley, and red spruce from local sources. Tests of hybrid spruce and
larch (Lanix Mill.) materials have also been established in cooperation
with the Maritimes Forest Research Centre.

Tree Breeding Centre

Until recently, grafting and production of test seedling stock
was carried out at Provincial forest nurseries, and at the Acadia Forest
Experiment Station near Fredericton, New Brunswick. Early in 1981, facil-
ities at the Tree Breeding Centre al Debert in central Nova Scotia were put
into operation (Figures 1 and 2). The Centre is operated by Tree Breeding
Section personnel and was built with assistance from The Department of
Regional Economic Expansion.
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Figure 1.
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The facility consists of greenhouse, laboratory and office space
devoted to providing special services to the TIWG program, and is located
adjacent to a 210 ha area reserved for seed orchard development by NSLF.
The 930 m? greenhouse is divided into four equal-sized zones, each under
independent climate control. This configuration has proven to be extremely
useful, as ideal climate conditions can be maintained for grafted or rooted
seedlings, while a neighbouring zone is being used to germinate a family
test.

MISCELLANEOUS

From September 1980 to May 1981, I was on educational leave from
NSLT to fulflill the residence requirements for an M.Sc.F. degree at the
University of New Brunswick, specializing in forest genetics. Dr. E.K.
Morgenstern and Dr. D.P. Fowler are co-supervising my thesis research, in-
vestigating genotype-nitrogen interactions in black spruce seedlings. A
disconnected diallel mating design was used to produce 40 full-sib familics
which were grown under three levels of nitrogen in a replicated greenhouse
experiment. Work in this area will continue beyond the scope of the thesis
as part of the TIWG program.
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Trials of exotic conifers have now been underway in Newfoundland
for fifteen years and preliminary assessments are now being made of their
suitability. In general, the pines and spruces tested have not proven
superior in growth rates to native species but Larix kaempferi and L.
eurolepis have. n

The effects of low temperature on pollen development in Larix is
being studied to determine if pollen sterility results in low seed yields.
Early data indicate that low temperatures do not cause pollen sterility in
native Larix but may in exotic Larix.

A series of controlled pollinations has been done on Picea
mariana and P. glauca to compare the effects of self-pollination, cross-
pollination and open-pollination.

I. TRIALS OF EXOTIC SPECIES
1. Plantation of Exotic Pinus Species

This plantation was established on a burned cutover in 1966 with
two year old stock. Four species, P. sylvestris, P. banksiana, P. contorta

and P. resinosa had survival of 75% or greater. Three species, P. albi-
caulis, P. cembra and P. nigra v. corsicana were rated as failures.

Average total height was greatest for P. banksiana and least for P. resinosa
(Table 1). Differences between replications were also statistically sign-

ificant, a reflection of the varied site conditions within the plantation.

Compared to black spruce regeneration in the area, however, the
heights attained by the pines are not impressive. At 15 years black
spruce natural regeneration can be expected to grow to a height of 3.5 to
4.0 metres so there is little advantage in terms of productivity gained by
use of the exotic species.
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Table 1. Average total heignt of 15-year old Pinus.

Avg. total
Speciec Origin ht. (m)
Pinus banksiuana Newcastle, New Brunswick 3.58%
P. sylvestris Kuorevesi, Finland 2.70 a
P. sylvestris Morayshire, U.K. 2.50 ab
P. contorta Long Beach, Washington, U.S.A. 2.39 ab
P. resinosa Petawawa NFI, Ontario 1.84 D

¥Means followed by the same letter are not statistically different from
each other at p level 0.95.

2. Plantation of Native and Exotic Larix

Remeasurements were made in 1980 on a plantation of exotic
Larix when the trees were eight years old from seed. Survival was poor
in some species (Table 2) because many trees had poor root development

Table 2. Survival and average total height of Larix plantation trial.

Percentage Avg. total

Species Origin survival ht. (m)
Larix laricina Petawawa NFI, Ontario 97.8 a 1.21 a
L. eurolepis Mabie Seed Orchard, Scotland 83.3 ab 1.49 b
L. eurolepis Newton Seed Orchard, Scotland 67.8 b 1.56 b
L. sibirica Krasnojarsk, USSR 57.8 bec 1.32 a
L. kaempferi High Meadow Forest, England 50.0 ¢ .62 ¢
L. sibirica Krasnojarsk, USSR 43.3 ¢ .92 d

in the nursery and because both L. kaempferi and L. sibirica had flushed
before planting. (It is essential in Newfoundland to grow late flushing
varieties of larch and to plant them as early in the spring as possible. )
None of the exotics have survived as well as the native L. laricina. Once
established, however, both L. kaempferi and L. eurolepis grew faster than
the L. laricina. Both seedlots of L. eurolepis were significantly taller
than L. laricina. -

3. Comparison of 15-Year-0ld Native and Exotic Species

Comparisons of planted native and exotic species on both upland
and barren sites (Tables 3, 4) have shown that Larix generally outgrows
native black spruce and other exotic pines and spruces and that on some
sites L. kaempferli outgrows all other larches.
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The results indicate an excellent potential for the introduction
of Larix as reforestation species in Newfoundland.

Table 3. Average total height of planted Picea mariana and Larix spp. on
three productive upland sites in western, central and eastern

Newfoundland.
Avg. total ht. (m)
after 15 yrs.
Species Origin Western Central Eastern
Picea mariana Northumberland Co., N.B. 3.13 1.48l 1.68
Larix laricina Guysborough Co., N.S. 4.58 4. 68 2.90
L. decldua Central Europe 4.72 2.16 1.88
L. decidua Region VI, Germany 452 1.86 2.27
L. kaempferi Region VII, Germany 4. 97 3.03 2.52
L. kaempferi Region VII, Germany 4.79 3.64 3.15
L. kaempferi Mt. Yatsugatake, Nagano, 5.31 2.45 2.87
Japan

lThis seedlot was severely suppressed by nearby regeneration. Natural
regeneration in the area averages about 4 m at age 15.

Table 4. Average total height (m) of Larix and other conifers on ploughed
peat bog and on a ploughed heath.

Ploughed Ploughed

Species Origin peat bog heath
Larix laricina Guysborough Co., N.S. - 4.12
L. kaempferi Region VII, Germany 2.35 -
Picea mariana Eziger’ central Newfound- .53 1.20
P. glauca Guysborough Co., N.S. - 1.21
P. abies Vilppula, Finland W24 -
P. sitchensis Terrace, B.C. .24 -
Pinus banksiana Northumberland Co., N.B. - 3.28
P. sylvestris Kucrevesi, Finland 1.31 -

P. sylvestris Morayshire, U.K. - 2.73
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IT. GENETIC IMPROVEMENT OF NATIVE CONIFERS
1. Genetic Improvement of Larch, L. laricina

(i) Pollen development

The relationship between pollen development and climate is
being studied in L. laricina, L. kaempferi, L. decidua and L. eurolepis.
Studies of pollen development have been completed in L. laricina.
Results showed that pollen mother cells began development from Inter-
phase in early to mid-October passing through Leptotene, Zygotene and
Pachytene by 10 November. They remained in Diplotene until mid-March to
early April when meiosis was completed over a two to four week period.
Microspores were produced by early May. The general pattern of meiotic
divisions, their sequence, duration and variability within and between
trees was similar to that reported earlier for L. decidua, L. kaempferi,
L. sibirica and L. eurolepis. - -

Deviation from the normal pattern occurred infrequently. In
six trees the "resting Diplotene" of the winter was interrupted on one
occasion and some male strobili had a "delayed meiosis" which occurred
several days after meiosis in all other sampled strobili. Abnormal
chromosome separations were observed on a few occasions, these consisted
mostly of lagging chromosomes, a common abnormality in Larix.

There appeared to be no causal relationship between temperature
and. the onset of the various stages of meiosis. The number of abnormal-
ities observed indicated that the low seed sets observed in L. laricina
could not be attributed to sterile pollen arising from temperature-
induced damage.

Examination of the pollen mother cells of the exotic larches
indicated that meiotic development occurs two to four weeks earlier than
L. laricina. A higher proportion of damaged cells was observed in the
exotics but as yet, data are too few to show whether seed production is
likely to be affected.

(ii) Inter-specific and intra-specific hybridization

A series of controlled pollinations was done on L. laricina,
L. kaempferi, L. eurolepis and L. decidua in 1980. Inter- and intra-
specific crosses were made and yeaT-old stored pollen was tested. Seed
has been extracted and seedlings will be grown as soon as local facilities

are available. Self-pollinations were also done on each mother tree.

2. Genetic Improvement of Black Spruce

A series of single-tree pollinations was done to assess yields
of seed after open-pollination, cross-pollination and self-pollination.
A total of six mother trees 15 to 18 years old of natural origin were
used. Seed has been extracted and will be sown in 1981.
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A study on plus tree selection was continued. The object was
to determine if it was practical to select plus trees for high density
without sacrificing growth rate. Most of the fieldwork has been completed
and preliminary results indicate that the two variables are not related
meaning that selection can be based on one but not both criteria. There
also appears to be an equally wide range of variability in growth rate
and density.

3. Genetic Improvement of White Spruce

Trees in a 20-year old provenance trial were selected for a
series of controlled pollinations. A series of intra- and inter-prov-
enance crosses was done using both fresh pollen and pollen stored for
one year. Some cones were lost to squirrels, only recently introduced
into Newfoundland. Seed has been extracted and will form part of a
seedling seed orchard to be established by the provineial government.
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